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lants used in traditional medicines contain a vast array of substances 
that can be used to treat chronic and infectious diseases and the 
present study was carried out with the same intentto appraisethe 
possible medicinal value of Arnebia benthamii L. (Wall. ex G. Don) Johnston 
[Syn Macrotomia benthamii (Wall.) DC.] a threatened medicinal plant of 
Kashmir valley by examining its phyto-chemical constituents and evaluating 
the antimicrobial and antioxidant activity. Preliminary phytochemical screening 
was carried out to detect the presence of phyto-chemicals that add to the 
medicinal value of the plant. The antimicrobial assay was carried out by Disc 
diffusion and Micro-broth dilution methods. The crude plant extracts (both root 
as well as aerial parts) exhibited significant antimicrobial activity on majority 
of test organisms tested. 
The highest occurrence of secondary metabolites was of alkaloids and phenolic 
substances. The tannins and saponins were absent in all plant extracts. The total 
P 
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phenolic content that was quantitatively estimated showed highest presence in 
methanol extracts of the aerial parts. 
The antibacterial results revealed that methanol extracts of aerial parts were 
found to exhibit significant antibacterial activities against all tested bacterial 
strains except Staphylococcus aureus which was found resistant. The highest 
inhibition zone diameter (30mm) was recorded for Pseudomonas aeruginosa 
and Escherichia coli with respect to control i.e. Gentamycin (16 and21mm) 
followed by Salmonella typhimurium (28 mm). Chloroform extract also 
showed good inhibitory activity against all the tested bacterial strains likeE. 
coli (22mm) followed by Klebsella pnuemonie (20 mm) and P. aeruginosa 
(17mm). The aqueous extract didn’t show any inhibitory activity against the 
tested bacterial strains. The root extracts were separately tested for antibacterial 
activity against pathogenic strains and it was apparent from the results that they 
were less active than aerial part extracts. Among the strains tested, S. aureus 
was found susceptible to chloroform, ethyl acetate and methanol root extracts 
with an average inhibition zone diameter (10 mm) with respect to control and 
rest of extracts showed no activity against it. The Shigella flexneri was found 
susceptible to all the root extracts and the highest inhibition zone diameter was 
recorded for methanol (20mm) followed by ethanol (15 mm)against the control 
(Erythromicin 30 mm). Among all the strains, E. coli was highly susceptible 
towards the methanol root extracts followed by chloroform and ethyl acetate 
extract while the rest of the extracts did not exhibit any inhibitory activity. 
Most of the root extracts exhibit highest antibacterial activity against S. 
typhimurium compared to aerial parts. The screening served as an indicator for 
the selection of bacterial strains that displayed antibacterial activity for further 
testing to determine the MIC’s of plant extracts. Four bacterial strains S. 
flexnerii, K. pneumonia, E. coli and P. aeruginosa were found viable for testing 
with the specific plant extracts. S. flexnerii was found highly susceptible 
towards methanol aerial part extract with MIC and MBC value of 200µg/ml 
and 750 µg/ml respectively as compared to reference (Erythromycin75 and 100 
µg/ml) followed by methanol root extract {MIC 300 µg/ml and500 MBC 
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µg/ml}. Methanol aerial part extract exhibited the MIC value 500 µg/ml and 
MBC 750 µg/ml against K. pneumonia. However the root extracts showed 
comparatively higher value of MIC against the tested organism ranging 
from400-500µg/ml with respect to positive control (MIC-150 µg/ml).The MIC 
value for E. coli ranged between 150 to 500 µg/ml towards aerial part extracts 
with lowest MIC observed for methanol aerial part extract with respect 
toErythromycin (175 µg/ml), and for root extract MIC value ranged between 
225-425 µg/ml. P. aeruginosa was found to be most susceptible towards all 
aerial part extracts with MIC value ranged between 75 µg/ml and 425 µg/ml 
and MBC value from 100 to750 µg/ml.  
All the fungal strains except Candida parapsilosis were more or less inhibited 
by both aerial and root part extracts of the plant. The aqueous extract of both 
root as well as aerial parts did not show any antifungal activity. Asperigillus 
flavus was found to be highly susceptible to butanol aerial part extract with 
inhibition zone diameter (25mm) followed by ethyl acetate extract(22 mm) and 
chloroform extract (14 mm) compared to the control (Nystatin 35mm) used. 
The methanol aerial part extract showed highest inhibitory activity against 
Asperigillus versicolor with inhibition zone diameter (22 mm) and 
Acremonium spp (25 mm). The petroleum ether, ethyl acetate and chloroform 
extracts of aerial part did not exhibit any inhibitory activity against Candida 
spp. Only methanol extract followed by ethanol and butanol extract exhibited 
antifungal activity against Candida spp. Among the Candida spp, the highest 
inhibition zone diameter (14 mm) of methanol extract was seen against C. 
albicans whereas C. parapsalosis was found completely resistant against the all 
aerial part extracts. The ethanol and aqueous root extracts didn’t exhibit any 
inhibitory activity against any tested fungal strains. Meanwhile the ethyl 
acetate extract showed highest inhibition zone diameter(33mm) against C. 
albicans followed by Acremonium spp (18mm).The methanol root extract 
showed good inhibitory activity with an average inhibition zone 
diameter(12mm) against A. versicolor, C. albicans and C. kruesie with respect 
to reference used.  
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The four in-vitro tests i.e. DPPH radical scavenging action, riboflavin photo-
oxidation method, hydroxyl scavenging and the lipid peroxidation assay for 
antioxidant activity were used. Together all the methods provide a better 
assessment of antioxidant properties and results revealed that inhibitory activity 
was concentration dependent. Free radical scavenging potential of aerial and 
root part extracts at different concentrations was tested by the DPPH method. 
Highest inhibition of 86% and 94% was recorded for both methanol extracts of 
aerial as well as root parts with respect to reference (Ascorbic acid 90%) at the 
higher concentration (300 μg/ml) followed by ethyl acetate (60%) and 
chloroform extract (63 %) of aerial parts. 
The superoxide radical scavenging activity of aerial parts was observed in the 
following order butanol extract (85%) >ethyl acetate (79%)> methanol extract 
(70%) however Petroleum ether, ethanol and aqueous extracts didn't exhibit 
any scavenging activity. The root extracts were also effective in scavenging the 
superoxide radicals and the order of scavenging was as butanol (91%)> 
methanol (88%)>aqueous (79%) extracts. As far as the protective effect of 
deoxyribose was concerned, the highest inhibition of radicals was observed for 
methanol extract of root part and aerial part (~85% inhibition). The ethanol 
extracts of both parts were found to be ineffective. The overall inhibition of 
FeSO4 induced lipid peroxidation was high in presence of positive control 
(ascorbic acid 95.78±1.0%) compared to the plant extracts of A. benthamii. 
However, the ethyl acetate extract of aerial parts (95 %) showed almost the 
same activity as compared to the reference antioxidant. The ethyl acetate (87%) 
of root parts also exhibited significant inhibitory activity followed by ethanol 
extracts (78%).  
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“The art of healing has its foundation in the antiquity of antediluvian times. 
Kingdom Plantae comprising of sessile organisms has been the source of 
preventive and curative medicine for thousands of years. Plants of higher 
altitude are significant sources of medicine and their screening has given 
clues to discovery of valuable drugs”.  
 
ature has been a source of medicinal agents for thousands of years 
and an impressive number of modern drugs have been isolated from 
natural sources, many based on their use in traditional medicine. 
Herbal medicine is the oldest from of healthcare known to mankind. Plants are 
the basic source of knowledge of modern medicine. The basic molecular and 
active structures for synthetic fields are provided by rich natural sources. Plants 
used in traditional medicines contain a vast array of substances that can be used 
to treat chronic and infectious diseases.  
In the middle of 20
th
 century, researchers preferred to use synthetic medicines 
over natural medicines for curing various diseases. However, due to emergence 
of various side effects of synthetic drugs, trend to use medicinal plants to cure 
various diseases is becoming popular (Awal et al., 2004; Jiang et al., 2006). 
N 
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Natural products from medicinal plants are known to be chemically balanced, 
effective and least injurious with none or much reduced side effects as 
compared to synthetic medicines and besides, this interest in medicinal plants 
has grown enormously from the use of herbal products as natural cosmetics and 
for self-medication by the general public to the scientific investigations of 
plants for their biological effects in human beings. Beyond this pharmaceutical 
approach to plants, there is a wide tendency to utilize herbal product to 
supplement the diet, mainly with the intention of improving the quality of life 
and preventing the diseases of elderly people (Maffei, 2003). 
Medicinal plants constitute one of the main sources of new pharmaceuticals 
and health care products. A whole range of plant derived dietary supplements, 
phyto-chemicals and pro-vitamins that assist in maintaining good health and 
combating disease are now being described as functional ingredients and 
neutraceuticals. The role of medicinal plants in disease prevention or control 
has been attributed to antioxidant properties of their constituents (Ivanova et 
al., 2005).These plants contain active chemical constituents in any of their parts 
like root, stem, leaves, bark, fruit and seeds which produce a definite curing 
physiological response in the treatment of various ailments in human and other 
animals. Knowledge about medicinal plants has been gathered through trial and 
error based upon speculations and superstitions. Medicinal plants have been a 
primary source of health care throughout the world for thousands of years. 
Multi-factorial health beneficial activity of these plant extracts has been 
attributed to multi-potent anti-oxidant, anti-microbial, anti-cancer, anti-
ulcerative and anti-diabetic properties. Generally, anti-oxidants have been 
identified as major health beneficial compounds reported from varieties of 
medicinal plants and are sources for alternative medicines (Daniel, 2005).  
These substances known as secondary metabolites or bioactive principles are 
produced by plants in response to stress or stimulus such as bacterial and 
fungal infections or during environmental stress conditions. These substances 
in plants may be alkaloids, steroids, tannins, saponins, ubiquinone, ascorbic 
acid, phenol compounds etc which are synthesized and deposited in specific 
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parts or in all parts of the plant. The plant’s secondary products may exert their 
action by resembling endogenous metabolites, ligands, hormones, signal 
transduction molecules or neurotransmitters and thus have beneficial medicinal 
effects on humans due to similarities in their target sites. The extensive 
antioxidant effect of gypenosides from Gynostemma pentaphyllum may be 
valuable to prevent and treat various diseases such as atherosclerosis, liver 
disease and inflammation. Tannins are also used to prevent lipid per-oxidation 
and biological damage caused by free radicals formed under oxidative stress. 
The WHO estimates that up to 80% of people still rely mainly on traditional 
remedies such as herbs for their medicine (Tripathi and Tripathi, 2003). It has 
been estimated that in developed countries such as United States, plant drugs 
constitute as much as 25% of the total drugs while in fast developing countries 
such as China and India, the contribution is as much as 80%. In India, the 
reference to the curative properties of some herbs in the Rig Veda (3500-1800 
B.C.) seem to be the earliest records of use of plants in medicine. The herbal 
drug market in India is about $ one billion and export of plant based crude 
drugs is around $80 million (Kamboj, 2000). India has been identified as a 
major resourceful area in the traditional and alternative medicines globally. The 
annual production of medicinal and aromatic plant’s raw material is worth 
about Rs.200 cores. This is likely to touch US $5 trillion by 2050 (Joy et al., 
1998). Thus, the economic importance of the medicinal plants is much more to 
countries such as India than to rest of the world. These countries provide two 
third of the plants used in modern system of medicine and the health care 
system of rural population depends on indigenous systems of medicine. In 
many of the developing countries, the use of plant drugs is increasing because 
modern life saving drugs are beyond the reach of three quarters of the third 
world’s population although many such countries spend 40-50% of their total 
wealth on drugs and health care. In India, drugs of herbal origin have been used 
in traditional systems of medicines such as Unani and Ayurveda since ancient 
times. The forests in India peculiarly of Himalayas are the principal repository 
of large number of medicinal and aromatic plants. Himalaya is credited all over 
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the world as a treasure of medicinal herbs providing refuge to these plants in its 
varied ecosystems. These medicinal gems of Himalaya have been found to cure 
even the drastic and deadly disease like AIDS and cancer. The alpine and sub 
alpine zones of Himalaya host a remarkably rich wealth of medicinal plants 
viz. Aconitum heterophyllum, Podophyllum hexandrum, Inula racemosa, Taxus 
baccata, Rheum emodi, Picrorhiza kurroa, Arnebia benthamii and Saussrea 
costus etc. which are largely collected as raw materials for manufacture of 
drugs and perfumery products. These plants have proved of tremendous 
medicinal potential, serving as a source of wonder drugs and withstanding the 
test of times (Ganaie et al., 2010). 
The Valley of Kashmir is situated in the lap of Western Himalayas. The flora 
of Kashmir Himalayas is extremely rich due to the diverse variety of medicinal 
plants and because of this reason Kashmir is a favourable place for local 
practioners (Hakims). Koul (1997) listed a total of 111 species of medicinal 
plants from Kashmir and Ladakh while Dar et al. (2002) has listed 450 plants 
of medicinal importance. Kachroo and Nahvi (1976) have listed a total number 
of 103 medicinal plant species used in early Kashmir while as Guna (2006), has 
reported 220 medicinal plant species, belonging to 178 genera distributed over 
77 families being used in Kashmir. However, medicinal flora of Kashmir has 
yet not received the attention that it deserves. 
1.1. Phytochemicals 
Phytochemicals are non-nutritive plant chemicals that have protective or 
disease preventive properties. There are more than thousand known 
phytochemicals produced from plants which help them to protect from various 
stresses but recent research demonstrates that they can protect humans against 
diseases as well. Some of the well-known phytochemicals are lycopene in 
tomatoes, isoflavones in soy and flavonoids in fruits. They are not essential 
nutrients and are not required by the human body for sustaining life Plant 
sterols, flavonoids and sulfur-containing compounds are three classes of 
micronutrients found in fruits and vegetables. These compounds may be 
important in reducing the risk of atherosclerosis, which is the build up of fatty 
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deposits in artery walls. Within these categories are many possible compounds, 
most of which are not well described and whose modes of action are not 
established. Many other plant products may also be linked to the atherosclerotic 
process, such as antioxidant vitamins, phytoestrogens and trace minerals. These 
plant micronutrients will clearly be the topic of future research. As work 
continues on all these compounds, other unrecognized components in plants 
will be identified that may have promise in reducing risk of cardiovascular 
disease. 
1.2. Mechanism of action 
The phytochemicals present in plants and each works differently with 
some of the following possible actions: 
1.2.1. Hormonal action: Isoflavones found in soy, imitate human estrogens 
and help to reduce menopausal symptoms and osteoporosis. 
1.2.2. Interference with DNA replication: Saponins found in beans 
interfere with the replication of cell DNA, thereby preventing the 
multiplication of cancer cells. Capsaicin, found in hot peppers, 
protects DNA from carcinogens. 
1.2.3. Anti-bacterial effect: The phytochemical allicin from garlic hasanti-
bacterial properties. 
1.2.4. Physical action: Some phytochemicals bind physically to cell walls 
thereby preventing the adhesion of pathogens to human cell walls. 
Pro-anthocyanidins are responsible for the anti-adhesion properties of 
cranberry. Consumption of cranberries will reduce the risk of urinary 
tract infections and will improve dental health. 
1.2.5. Antioxidants: Antioxidants are a type of complex compounds found 
in our diet that act as a protective shield for our body against certain 
disastrous enemies (diseases) such as arterial and cardiac diseases, 
arthritis, cataracts and also premature ageing along with several 
chronic diseases. Most phytochemicals have antioxidant activity and 
protect our cells against oxidative damage and reduce the risk of 
developing certain types of cancer. Phytochemicals with antioxidant 
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activity includes allylsulfides (onions, leeks, garlic), carotenoids 
(fruits, carrots), flavonoids (fruits, vegetables), polyphenols (tea, 
grapes) (Helmut, 1997).  
The free radicals play very important role in human health and beneficial in 
combating against several diseases. During a chemical reaction (oxidation), 
one reactant loses an electron and is called oxidant or free radical, while the 
other gains an electron. In living organisms oxygen in unstable form is the 
most common free radical. This is called Reactive Oxygen Species (ROS) 
and is generated during various metabolic activities. Contaminants in the 
environment as well as normal metabolism of a cell can change a molecule 
into a free radical. The examples of ROS are OH, O2, H2O2, O3, HOCI, 
RO2, and RO. Any molecule can become a free radical by either losing or 
gaining an electron (Balz, 1997). Once initiated these free radicals get 
involved in chain reaction with stable types. The compounds thus formed 
have longer stability and in body and increase the potential for cellular 
damage. Free radicals damage the cell at the site of their operation causing 
serious disorders. Plaque may accumulate in arteries on oxidation. LDL 
Cholesterol functions as free radical and damages the free artery lining. It 
hampers the blood circulation which may lead to heart attack. After the 
propagation of radicals, the termination or neutralization of free radicals is 
achieved by antioxidants or enzymatic mechanism (Halliwell, 1994). It is 
necessary to balance the fee radical & antioxidant activity. 
The effects of Excess of free radicals may be one of the either: 
i. Free radicals damage DNA, RNA, proteins, enzymes 
ii. Lead to the formation of tumours and cause cancers. 
iii. Cardiovascular Diseases 
iv. Nervous disorders 
v. Premature ageing 
vi. Parkinson's and Alzheimer's Diseases 
vii. Rheumatic and Pulmonary Disorders 
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A number of processes are taking place in our body like breathing, breaking 
up of protein in the body or exposure of body to air pollution or UV 
radiation leads to the formation of free radicals that aid in the process of 
oxidation which further leads to several health problems. If the body is 
healthy it is capable enough to break down these free radicals before they 
become harmful. In case, the formation of the free radicals exceeds in the 
body, it can damage the cells and tissues. This damage can be counteracted 
by antioxidants which prevent the free radical formation and if the 
formation occurs it helps in their removal from blood stream. Thus 
antioxidants play potentially beneficial role in the risk reduction and 
treatment of diseases. 
1.3. Major groups of Antimicrobial and Antioxidant substances: 
1.3.1. Alkaloids  
Heterocyclic nitrogen compounds are called alkaloids. The first medically 
useful alkaloid was morphine, isolated in 1805 from Papaver somniferum 
(opium poppy) (Fessenden and Fessenden, 1982). Diterpenoid alkaloids, 
isolated from the plants of the Ranunculaceae family, are commonly found to 
have antimicrobial properties. Bioassay-guided isolation studies done on the 
root extract of Polyalthia longifolia shows that it possesses significant 
antibacterial activity that led to the isolation of three new alkaloids 
pendulamine A, pendulamine B and penduline along with stigma sterol 3-O-
beta-D-glucoside, allantoin, the known diterpenoid kolavenic acid and the 
azafluorene alkaloid isoursuline. Compound pendulamine A and pendulamine 
B were found to be active. Minimum inhibition concentration (MIC) is 0.02–20 
μg against bacteria (Faizi et al., 2003). The seed pods of Erythrina latissima 
yielded erysotrine, erysodine, syringaresinol, vanillic acid and a new erythrina 
alkaloid, (+)-10, 11-dioxoerysotrine that was lethal to brine shrimp. 2-(5'-
hydroxy-3'-methoxy-phenyl)-6-hydroxy-5-methoxy-benzofuran has strong 
anti-microbial activity against yeast spores (Wanjala et al., 2002). Ethanol 
extracts of the Guatteria multivenia root have furnished known alkaloids such 
as liriodenine, lysicamine, lanuginosine, guadiscine and O-methyl pallidine. 
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Lanuginosine possesses weak inhibitory effects against fungi and liriodenine 
was found to have anti-microbial activity against both bacteria and Candida 
albicans (Ahamd et al., 1993). Pyrrolizidine alkaloids (Heliotropium subultum) 
extracts showed anti-microbial activity against both fungal and bacterial 
species (Craig, 1998). Alkaloids isolated (Schizozygia coffaeoides) using 
bioassay-guided fractionations were iso-schizogaline, schizogynine and 
indoline that were subsequently shown to be the most active anti-fungal 
compounds (Kariba et al., 2002). The anti-microbial berberine alkaloid isolated 
from Mahonia aquifolium was active against bacteria (Cernakova and 
Kostalova, 2002).Biologically active carbazole alkaloids from Murraya 
koenigii showed mosquitocidal and anti-microbial activities as well as 
exhibited topo-isomerase I and II inhibition activities (Ramsewak et al., 1999).  
1.3.2. Flavones, Flavonoids and Flavonols 
Flavones are phenolic structures containing one carbonyl group. These are 
hydroxlated phenolic substances that occur as C6–C3 units linked to an 
aromatic ring. Flavonoids are known to be synthesized by plants in response to 
microbial infection (Dixon et al., 2005) and are effective anti-microbial 
substances against a wide array of micro-organisms. Antimicrobial flavonoids 
have been reported from Erythrina latissima (Wanjala et al., 2002). 
Compounds of Caesalpinia pulcherrima with anti-viral activities were derived 
from the flavonoid of quercetin (Chiang et al., 2003). Moreover, the 
flavonoids, acacetin-7-O-β-D-galactopyranoside of Crysanthemum morifolium 
was found to be active as towards HIV (Hu et al., 1994). A wide variety of 
flavonoids, sesquiterpenoid alcohols, triterpenoids and quinic acid caffeates 
product from plants may also be useful as antimicrobials (Hu et al., 1997). The 
activity is probably due to their ability to form a complex with extra-cellular 
and soluble proteins, which then binds to bacterial cell wall. More lipophilic 
flavonoids may also disrupt microbial membranes (Tsuchiya et al., 1996). 
Flavonoids lacking hydroxyl groups on their β-rings are more active against 
micro-organisms and the microbial target is the membrane with –OH groups 
(Chaurasia and Vyas, 1997).  
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1.3.3. Essential oils and Terpenoids 
The anti-microbial properties of aromatic volatile oils from medicinal, as well 
as other edible plants have been recognized since antiquity. Essential oil, which 
is used as a food flavouring agent, possesses a broad spectrum of anti-microbial 
activities attributed to the high content of phenolic derivatives such as 
carvacrol and thymol. Some essential oils are used for systemic and superficial 
fungal infections and further exploration reveals a broad spectrum effect 
against other pathogenic manifestations that include malignancy (Manohar et 
al., 2001). Moreover, fragrance of plants is associated with essential oils. This 
oil consists of secondary metabolites which are highly enriched in compounds 
based on an isoprene structure as terpenes and occur as diterpenes, triterpenes, 
tetraterpenes as well as hemiterpenes and sesquiterpenes. When the compounds 
contain additional elements, usually oxygen, they are termed as terpenes. 
Terpenenes or terpenoids are active against bacteria (Ahamd et al., 1993). 
Nearly 60% of all essential oil derivatives possess inhibitory effects upon fungi 
while 39% inhibited bacteria (Chaurasia and Vyas, 1997). The seeds of Nigella 
sativa L. (Ranunculaceae) contain active constituent’s e.g. volatile oil and 
thymoquinone that show protection against nephrotoxicity and hepatotoxicity 
induced by either disease or chemicals. The seed oil has anti-inflammatory, 
analgesic, anti-pyretic, anti-microbial and anti-neoplastic activity (Ali and 
Blunden, 2003). Penta cyclic-tritepenes were isolated from Combretum 
imberbe that are novel glycosidic derivatives (hydroxyl-imberbic-
acid).Terminalia stuhlmannii Engl. stem bark yielded two glycosides of 
hydroxyimberbicacid, several of which had anti-bacterial activity. Imberbic-
acid showed potent activity against Mycobacterium fortuitum and 
Staphylococcus aureus (Katerere et al., 2003). New cycloartane type 
triterpenes isolated from the aerial parts of Acalypha communis exhibited 
moderate anti-microbial activity (MIC 8 and 32μg/ml) against vancomycin-
resistant Enterococci. Friedelin, epifriedelinol, β-amyrin, β-sitosterol, β-
sitosterol 3-β-D-glucopyranoside and naringin isolated from the methanol 
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extract of dried rhizome from Drynari aquercifolia showed concentration-
dependent broad spectrum of anti-bacterial activity (Ramesh et al., 2001).  
1.3.4. Lectins and Polypeptides  
Lectins are sugar-binding proteins (not to be confused with glycoproteins, 
which are proteins containing sugar chains or residues) that are highly specific 
for their sugar moieties. They play a role in biological recognition phenomena 
involving cells and proteins. For example, some viruses use lectins to attach 
themselves to the cells of the host organism during infection. Lectins may be 
disabled by specific monoand oligosaccharides, which bind to them and 
prevent their attachment to cell membranes (Komath et al., 2006). While as 
polypeptidescan be grouped into two major classes: anti-microbial proteins and 
a wide variety of non-protein compounds. Their distribution is often tissue 
specific (Price et al., 1987) and they are usually found in cells located at the 
external layers of plant tissues, thus suggesting that these compounds would be 
the first line of defense against a pathogen attack. Peptides that are inhibitory to 
micro-organisms were first reported in 1942. Peptides called cathelicidins 
represent an important native component of innate host defense in mice and 
provide protection against necrotic skin infection caused by Streptococcus 
(Nizet et al., 2001). The broad spectrum activity displayed by anti-microbial 
peptides is considered a chemical condomagainst HIV infection and Herpes 
simplex virus (Yasin et al., 2001).  
1.3.5. Polyphenols and Phenolics 
Some of the simplest bioactive phytochemicals consist of a single substituted 
phenolic ring. Cinnamic and caffeic acids are common representatives of a 
wide group of phenyl-propane derived compounds that are in the highest 
oxidation state. The common traditional medicinal plants have such compounds 
that are effective against bacteria (Brantner et al., 1996).Phenolic compounds 
possessing a C3 side chain at a lower level of oxidation and containing no 
oxygen are classified as an essential oil and reported as anti-microbials. 
Coumarins are phenolic substances made of fused benzene and -pyrone rings 
(Okennedy and Thornes, 1997). Several coumarins have anti-microbial 
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properties and anti-viral effects reported in 1954 (Berkada, 1978). Anti-
microbial properties of phenolic compounds (Finnish berries) active against 
pathogenic bacteria exhibited different sensitivities towards phenolics. These 
properties can be utilized in functional food development and for food 
preservation (Puupponen-Pimia et al., 2001). Phenols are toxic to micro-
organisms because of the sites and numbers of hydroxyl groups on the phenol 
groups, which is all related to their relative toxicity to microorganisms. There is 
evidence that highly oxidized phenols possess inhibitory action (Urs and 
Dunleavy, 1975).The mechanism responsible for phenolic toxicity to 
microorganism includes enzyme inhibition by the oxidized compounds, 
possibly through reaction with sulfydryl groups or through more non-specific 
interactions with proteins (Mason and Wasserman, 1987). Polyphenols which 
can form heavy soluble complexes with proteins may bind to bacterial 
adhesions thereby disturbing the availability of receptor on the cell surface.  
1.3.6. Tannins  
Tannins are generally descriptive of a group of polymeric phenolic substances 
capable of tanning leather or precipitating gelatin from solutions, the property 
known as astringency. Their molecular weights range from 500 to 3000 Da 
(Nizet et al., 2001) and are found in almost every plant parts: bark, leaf, root, 
wood and fruit. They form two groups, hydrolysable and condensed tannins 
based on gallic acid. The first group is usually found as multiple esters with D-
glucose, while the more numerous condensed tannins are derived from 
flavonoid monomers. Tannins (tannic acid) are water-soluble polyphenols that 
are present in many plant foods (Scalbert, 1991).The anti-microbial activities of 
tannins are well documented. The growth of many fungi, yeasts, bacteria and 
viruses are inhibited by tannins. Their anti-microbial properties seemed to be 
associated with the hydrolysis of an ester linkage between gallic acid and 
polyolshydrolyzed after the ripening of many edible fruits. Tannins in these 
fruits thus serve as a natural defence mechanism against microbial infections. 
The anti-microbial property of tannic acid can also be used in food processing 
to increase the shelf-life of certain foods, such as catfish fillets. Tannin 
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components of epicatechin and catechin (Vacciniumvitis idaea L.) showed 
strong anti-microbial activity against bacteria and fungi. Such anti-microbial 
activity could potentially be used as a possible alternative for the treatment of 
periodontal diseases (Ho et al., 2001). Pro-anthocyanidins (condensed tannins) 
and hydrolyzable tannins are the two major classes of tannins. Pro-
anthocyanidins are flavonoid polymers, the most common type of tannin found 
in forage legumes (Reed, 1995). Hydrolyzable tannins are polymers of gallic 
and ellagic acid esterified to a core molecule of Phyllanthus emblica. 
Phyllanthin and hypophyllanthin are lignans of Phyllanthus niruri that enhance 
cytotoxic response against multi-drug-resistant cells (Somanabandhu et al., 
1993). The mode of anti-microbial action of tannins and their ability to 
inactivate microbial adhesins, enzymes and cell envelop transport proteins also 
have been studied.  
1.3.7. Mixtures  
The neem (Azadirachta indica), verasingampattai (Zanthoxylum limonella), 
Indian babool (Acacia nilotica) stick are widely used as tooth brushes by 
various tribes throughout India, Africa and Nigeria. The neem (Azadirachta 
indica), traditionally used as medicine, and in particular the stem bark extract 
showed activity against various Candida species. The minimum fungicidal 
concentrations ranged from 0.06 to 8 mg/ml (Fabry et al., 1996). Anti-bacterial 
effects of neem mouthwash have been tested over a period of 2 months against 
salivary levels of Lactobacillus species and Streptococcus mutans. They were 
all inhibited by neem-based mouth washes (Vankaet al., 2001).The active 
component of the Nigerian chewing stick (Fagara zanthoxyloides) was found 
to consist of various alkaloids (Odebiyi et al., 1979). Various extracts of this 
plant yield a multitude of compounds that include glycosides, aryl-
nathalenelignan lactones such as cleistanthin A and B, collinusin and oduvin 
found to have anti-microbial activities (Satyanarayana et al., 1984).Strawberry 
extracts were strong inhibitors of Salmonella bacteria. The dried flower heads 
of Chrysanthemum moriforium are an oriental drug as well as a popular herbal 
tea in China, which has been used for the treatment of eye diseases in Japan. 
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They have been found to possess anti-bacterial, anti-fungal, anti-viral and anti-
inflammatory activities (Dian, 2008). 
Keeping the above discussion in consideration we have selected the critically 
endangered medicinal plant of Kashmir Himalaya namely Arnebia benthamii 
L. (Boraginaceae) commonly called as ‘Kahzaban’ it is a perennial medicinal 
herb growing in the sub alpine and alpine zones of North West Himalaya. A. 
Benthamii (Wall. ex G. Don) Johnston [Syn Macrotomia benthamii (Wall) 
DC.] a high value Himalayan medicinal plant, ranks second in the list of 
medicinal plants prioritized for western Himalaya and also figures among the 
59 medicinal plants prioritized for conservation due to high extinction threat. It 
is classified as threatened non endemic plant of Kashmir (Dar et al., 2002) and 
threat status that has been assigned to this herb by different authorities: 
Critically Endangered (E) (Kaul, 1997; Ved and Tandon, 1998; Dar et al., 2002 
and Ganaie et al., 2002). 
1.4. Plant Profile 
Botanical name Arnebia benthamii (Wall. ex G. Don) Johns 
Synonym(s) Macrotomia benthamii (Wall.) G. Don 
Vernacular names Ratanjor, Laldori, Laljari, Balchhadi (Kullu) 
Habit Perennial herb 
Habitat Open moist slopes Alpine slopes, grows among grass 
Shrubberies, Dry sandy   rocky situations, occurring in 
the alpine and subalpine Himalaya at altitude of 3000–
3900 m.a.s.l. 
Global Distribution      India, Afghanistan, Pakistan, Nepal 
Himachal Pradesh    Kinnaur, Spiti, Chamba, Chanshil, Chitkul, Upper 
Parvati valley, RupiBhabha WLS (Muling) 
J&K Ladakh, Ducksum, Anantnag District., Wadwan 
(Doda), Erkichik in Kargil Dt., Gurez 
Uttaranchal                Daurma, Byans, Ralam, Milam, Harkidoon, Gangotri, 
Badrinath, Kandara 
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1.4.1. Botanical Description 
Plants annualor perennial of 30–90 cm height, bristly or pubescent.Roots 
frequently containing purple dye.Stems erect or prostrate. Leaves alternate. 
Cymes bracteate. Flowers often heterostylous. Calyx 5-parted to base, slightly 
enlarged, base sometimes hardened. Corolla funnelform, usually with hairs 
outside; tube straight or slightly curved; throat un-appendaged; limb usually 
shorter than tube; lobesspreading.Ovary 4-lobed. Style 2- or 4-branched, each 
branch terminated with 1 stigma. Gynobase flat. Long-styled flowers with 
included stamens inserted at middle of corolla tube; style long, slightly exserted. 
Short-styled flowers with stamens inserted at throat; style shorter, reaching to 
middle of corolla tube. Nutlets oblique-ovate, tuberculate, adaxially flat or 
slightly concave; attachment scar at base. 
1.4.2. Medicinal properties 
The phytochemical constiuents isolated from Arnebiaspp. are Deoxyshikonin, 
Acetyleshikonin, Shikonin and β-hydroxy-sovaleryl shikonin and 
napthoquinones, Arnebinone, stigmasterol, arnebin-7. “Gule Khazaban” from 
Arnebia benthamii is very costly medicine (Kaul, 1997) of A. benthamii has 
been found to have Cardiac (used in the treatment of heart problems) and 
febrifuge (reduces fevers) properties. The plant is considered to be useful in the 
treatment of diseases of the tongue and throat. The species is a major ingredient 
of the commercial drug available under the name Gaozaban, which has 
antibacterial, antifungal, anti-inflammatory and wound-healing properties. The 
roots yield a red pigment, Shikonin (a dye), which has several medicinal 
properties and is marketed under the trade name Ratanjot. The species also 
possess stimulant, tonic, diuretic and expectorant properties. The flowering 
shoots are used in preparation of sherbet (syrup) and jam useful in various 
diseases of tongue, throat, fever and cardiac disorders. Secondary metabolites, 
Arnebin 1 and Arnebin 3 obtained from the other species of this genus are 
reported to possess anti cancerous property (Harborne and Baxter, 1996). 
Arnebia euchroma exhibits potent anti-HIV activity (Kashiwada et al., 1995). 
As a result of over exploitation of its rhizomes for medicinal purposes, A. 
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benthamii L. has been listed in the Indian Red Data Book (Jain and Sastry, 
1984). 
1.4.3. Classification 
Domain : Eukaryota- Whittaker & Margulis,1978 eukaryotes  
Kingdom : Plantae-Haeckel, 1866 – Plants 
Subkingdom : Viridaeplantae- Cavalier-Smith, 1981 
Phylum : Tracheophyta- Sinnott, 1935 ex Cavalier-Smith, 1998 
Subphylum : Euphyllophytina 
Infraphylum : Radiatopses- Kenrick& Crane, 1997 
Class : Magnoliopsida-Brongniart, 1843 –Dicotyledons 
Subclass : Asteridae-Takhtajan, 1967 
Superorder : Solanacae-R. Dahlgren Ex Reveal, 1992 
Order : Boraginales- Dumortier, 1829 
Family : Boraginaceae- A.L. de Jussieu, 1789. 
Subfamily : Boraginoideae 
Tribe : Lithospermeae 
Genus : Arnebia–Forsskl,1775 
Source: http:// Plants.gov/java/Arnebiabenthamii/Classification Servel. 
 
 
It is in this context the present study was carried out with the main 
objective to: 
1. Assess the antibacterial and antifungal activities of different solvent 
extracts of Arnebia benthamii. 
2. Estimate the antioxidant activity of Arnebia benthamii extracts. 
 ArnebiabenthamiiL. 
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erbalism is the study and use of medicinal plants and their extracts 
(Deepak and Shrivastava, 2008). The use of plants as medicines 
predates written human history. A 60,000-year-old Neanderthal 
burial site, "Shanidar IV", in northern Iraq has yielded large amounts of pollen 
from 8 plant species, 7 of which are used now as herbal remedies. In India, 
Ayurveda medicine has used many herbs such as turmeric possibly as early as 
1900 B.C. (Aggarwal, 2007). Many other herbs and minerals used in Ayurveda 
were later described by ancient Indian herbalists such as Charaka and Sushruta 
during the 1st millennium B.C. The Sushruta Samhita attributed to Sushruta in 
the 6th century BC describes 700 medicinal plants, 64 preparations from 
H 
Review of literature 2012 
 
17  
 
mineral sources and 57 preparations based on animal sources (Dwivedi and 
Dwivedi, 2007). Herbal products prepared either from single or multiple 
botanical ingredients are usually complex and variable in nature. Undoubtedly, 
the plant kingdom still holds many species of plants containing substances of 
medicinal value that have yet to be discovered. For this reason, Arnebia 
benthamii L. a medicinal plant belonging to family boraginaceae, the perennial 
Herb was selected for the present study. 
2.1. PHYTOCHEMISTRY 
Phytochemistry is in the strict sense of the word the study of phytochemicals. 
“Phyto”  is  a Greek word that  means plant and phytochemicals are 
usually related to plant pigments. So fruits and vegetables that are bright colors 
like yellow, orange, red, green, blue and purple generally contain the most 
phytochemicals and the most nutrients.  A phytochemical is a natural 
bioactive compound found in plant foods that works with nutrients and dietary 
fiber to protect against disease. Research suggests that phytochemicals working 
together with nutrients found in fruits, vegetables and nuts, may help in 
slowing the aging process and reduce the risk of many diseases, including 
cancer, heart disease, stroke, high blood pressure, cataracts, osteoporosis, and 
urinary tract infections. They fight to protect our health and have 
complementary and overlapping mechanisms of action in the body, including 
antioxidant effects, modulation of detoxification enzymes, stimulation of the 
immune system, modulation of hormone metabolism and antibacterial and 
antiviral effect. Scanning of literature reveals that lot of work has been carried 
out on medicinal plants pertaining to their phytochemicals present in them. 
Prabhaker et al. (1981) has isolated vitexin a flavonoid from the flowers of 
Arnebia hispidissima which showed potent hypotensive, anti-inflamatory and 
antispasmodic properties. Alantolactones and iso-alantolactones were obtained 
from the roots of Inula racemosa and Arnebins isolated from the roots of 
Arnebia nobilis were found to be poorly effective against ringworm infection. 
Arnebins have shown promising in vitro and in vivo activity while lactones 
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show good activity in vitro but poor efficacy in vivo (Wahab et al., 1982). 
Thereafter Yao et al. (1983) have isolated two compounds possessing 
inhibitory effect against prostaglandins enzymes systems from the roots of 
Arnebia euchroma. They identified one compound as mixture of shikono-furan 
B&C and the structure of the other Arnebinone (C18H22O4) was elucidated by 
spectroscopic studies, to be a novel monoterpenyl benzoquinon. In the same 
year Khan et al. (1983) isolated arnebin-7, alkanin acetate, alkanin isovalerate, 
alkanin betasitostrol and a new isohexanyl napthazarin, alkanin beta-hydroxy-
isovalverate from the roots of A. hispidissma and Lu et al. (1983) also isolated 
deoxyshikonin, acetyleshikonin, shikonin and beta-hydroxy-sovaleryl shikonin 
napthoquinones from the petrol ether extract of Arnebia guttata roots. Afzal 
and Oriquat (1986) as a part of their search for new natural sources of shikonin, 
alkanin and their derivatives reported that the petroleum extract of air dried 
roots of Arnebia decumbens contained stigma-sterol, shikonin acetate and 
shikonin. They further reported that the extract yielded a compound 
characterized as 5,8, dihydroxy-2-(14-methylpent-13-enyl)-1,4-napthoquinone 
(i.e. reduced shikonin) and shikonin isovalerate. Similarly, Tanaka et al. (1986) 
has reported that shikalkin isolated from A. euchroma roots exhibited anti-
inflammatory activity on the odema caused by thermal injury to the skin of rats. 
Luo and Mai (1987) separated and determined 5-napthoquinones shikonin β-
actetoxymethyl butylalkanin, deoxyshikonin acetylshikonin and β-
dimethylacryl alkanin from A. euchroma using high performance TLC and in 
the same year,Wassel et al.(1987) screened methanol extracts of A. 
Hispidissima for pyrrolizidine alkaloids and anti-tumor activity detected 
saturated or 1,2 unsaturated pyrrolizidine alkaloids. The extracts were found to 
have significant cytotoxic activity against Ehrlich ascites carcinoma in vitro. 
Guirong and Jing (1990) detected the anticancer activity of napthoquinone 
pigment L-III from A. euchroma that inhibit the proliferation of stomach cancer 
cell lines and esophagus cancer cell lines. They further reported that the anti-
cancer effect of napthoquinones pigment L-III might be related to its role of 
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influencing the amount of RNA and ultrastructure of cancer cells. Yao et al. 
(1991) isolated three phenolic compounds from the roots of A. euchroma which 
acted as inhibitors of in vitro prostaglandin biosynthesis. Two known 
compounds were identified shikono-furans and des-methyllasiodeplodin and 
the other new compound was named as arnebinol and its structure was 
elucidated as a novel type of mono-terpenylbenzenoid. After that Yang et al. 
(1992) isolated tormentic acid and 2 alpha-hydroxyursolic acid from the dried 
leaves of Arnebia euchroma and Rodder and Rengel (1993) isolated two 
pyrrolizidine alkaloids from the MeOH extract of A. euchroma (commercially 
called Ziaco in china and Nanshikon in Japan). Also in the same year, Khatoon 
et al. (1993) have reported the chemical analysis of commercial Ratanjot by 
TLC fluorescence finger printing to find out the adultrants through comparison 
of napthoquinone contents and all the market samples investigated were found 
to be mixtures of two or three species (A. nobilis, A. benthamii, A. euchroma) 
except for the sample from Amritsar which was identified as A. nobilis. The 
shikonin an active component from the roots of A. euchroma clinically used to 
treat phlebitis and vascular purpura was reported by Wang et al. (1994). 
Shikonin significantly inhibited inflammation induced by croton oil in mice 
(Ear oedema Test) and yeast induced paw swelling in rats. In the next year, 
Kashiwada et al. (1995) reported that bioactivity directed fractionation of A. 
euchroma roots (obtained from a commercial source in China) resulted in the 
isolation of 3-monosodium and 3-monopotassium salts of isomeric caffeic acid 
tetramers. Mixtures of dipotassium and disodium salts of a caffeic acid tetramer 
glucoside were also isolated from the active fraction. Gaddipati et al. (2000) 
reported that shikonin analogue 93/637 derived from root extracts of A. nobilis 
has inhibitory effect on cellular growth of IGFS (Insulin-like growth 
factors)and potential therapeutic treatment of human prostate cancer.The 
hexane extract of A. Hispidissima yielded a mixture of naphthaquinones viz. 
Arnebin-1, Arnebin-7, Tiglic acid (ester of dihydroxy alkannin), alkannin, 
arnebinol and cycloarnebin-7 and arnebin-1 was the major naphthaquinone 
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found both in vivo (0.62%) and in vitro (0.27%) cell cultures (Singh et 
al.,2004). Yani et al. (2006) evaluated the napthoquinone derivatives of 
Boraginaceous herbs by high performance liquid chromatography. The results 
revealed that good quantity of napthoquinone was found in A. euchroma and A. 
guttata. 
2.2. ANTIMICROBIAL ACTIVITY 
Antimicrobial activity refers to any substance that hinders the growth of 
microorganisms. The use of antibiotics has revolutionized the treatment of 
various bacterial infections. However, their indiscriminate use has led to an 
alarming increase in antibiotic resistance among microorganisms (Hart and 
Karriuri, 1998) thus necessitating the need for development of novel 
antimicrobials (Chopra et al., 1997). 
Tanira et al.(1994) screened 21 plant species used in folk medicine in UAE for 
phytochemical and antimicrobial activities. According to them all plants 
showed the presence of terpenes and sterols and some plants reacted positively 
to the presence of tannins saponins and flavonoids/alkaloids ten of these plants 
including A. hispidissima showed antimicrobial activity. El-alfy et al. (1996) 
reported that the light petroleum extract of roots of Arnebia tinctori exhibited 
antibacterial activity aganist Bacilus subtilis, S. aureus, Styreptomyces 
pyogenes and C. albicans. Sidhu et al. (1999) studied the wound healing 
properties of arnebin-1 extracted from A. nobilis and  revealed that arnebin-1 
applied daily on wounds of hydrocortisone treated or untreated animals 
accelerated healing of wounds by reducing the width and gap lengths of 
wounds. 
Antimicrobial activity of hexane extracts of roots of A. hispidissma was 
reported against Gram positive and Gram negative bacteria (S. aureus, E. coli, 
Bacillus thuringensis and K. pneumoniae) and against fungal strainsi.e. 
Aspergillus niger, A. flavus, P. chrysogenus and Rhizoctonia phaseolic (Jain et 
al., 2000). Also Shen et al. (2002) studied the roots of A. euchroma for 
pharmaceutical properties such as antimicrobial, anti-cancer, anti-pyretic and 
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anti-inflammatory. The results identified that alkannin and shikonin derivatives 
acted as active principles against Methicillin resistant S. aureus (MRSA) and 
vancomycin resistant Enterococcus (VRE). Fifty-two plants were screened in 
vitro for antifungal activity against important seed borne phytopathogenic 
Aspergillus species. The screening revealed that only eight plants were 
effective in inhibiting the mycelial growth of test fungi by poisoned food 
technique at 25%concentration. Among the plants Mimuspos elengi, Punica 
granatum, Prosopis juliflora, Lawsonia inermis, Datura stramonium and 
Emblica officinalis were found tobe an important candidate plants for 
prevention of biodeterioration of grains during storage (Satish et al., 2007). 
Meanwhile in the same year Ghosh et al. (2007) worked on the antibacterial 
activity of Terminalia bellerica, Terminalia chebula, Emblica officinalis, 
Punica granatum and Lawsonia inermis and accordingly reported that the 
highest antibacterial potentiality was exhibited by the methanolic leaf extracts 
of T. chebula followed by the aqueous fruit extracts of T. bellerica. Aqueous 
extracts of ten medicinal plants were examined for their antibacterial potential 
against some reference strains of human pathogenic bacteria. Anethum 
graveolens, Elettaria cardamomum, Foeniculum vulgare, Trachy spermum 
ammi and Viola odorata were found to be better/equally effective compared to 
standard antibiotics. V. odorata was the most effective antibacterial with 
minimum inhibitory concentration values ranging from 1 to 2%. The results 
provide a scientific basis for the centuries-old usage of aqueous extracts of 
these medicinal plants (Arora and Kaur, 2007).  
Joshi et al. (2009) has studied the antibacterial properties of selected medicinal 
plants viz. Ocimum sanctum (Tulsi), Origanum majorana (Ram Tulsi), 
Cinnamomum zeylanicum (Dalchini) and Xanthoxylum armatum (Timur), for 
potential antibacterial activity against 10 medically important bacterial strains, 
namely B. subtilis, B. cereus, B. thuringiensis, S. aureus, Proteus spp, S. typhi, 
E. coli, S. dysentriae, K. pneumoniae. They have reported that Gram-positive 
bacteria were more susceptible than Gram-negative bacteria towards the plant 
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extracts. The most susceptible bacteria were B. subtilis, followed by S. aureus, 
while the most resistant bacteria were E. coli, followed by S. dysenteriae, K. 
pneumoniae and S. typhi. The largest zone of inhibition was obtained with 
Xanthoxylum armatum against B. subtilis (23mm) and the minimum 
bactericidal concentration (MBC) value of 2.5 mg/l was obtained. Methanolic 
extracts of medicinal plants (Allium sativum, Zingiber officinalis, Glycyrrhiza 
Glabra, Withania somnifera, Acorus calamus, Piper betel, Adhatoda vasicas, 
Curcuma longa, Mentha piperita, Solanum xanthocarpum, Azadirachta indica 
and Aloe vera selected on the basis of their reputation in Ayurvedic and Indian 
traditional system of medicine were analyzed for their antifungal properties by 
Meena et al.(2009).The results revealed that all the plants extracts possess 
considerable antifungal property and therefore they form a natural source of 
antibiotics and are much safe against synthetic drugs. Anjali et al. (2009) 
studied that true form of Rajanjot was extracted from A. nobilis which is 
imported from Afganistan and revealed that root extracts are used to colour 
food stuffs, oils and fats. Besides, imparting pleasing colours it is also known 
as an antiseptic, anthelmintic, antipyretic etc. Similarly, El-Syed (2010) 
reported the effects of A. hispidissima and Echium rauwolfii root extracts 
(ethanolic) on the growth of two rhizospheric soil fungi of pigeonpea. The 
results indicated that both root extracts reduced the number of colonies of 
rhizospheric fungi Fusarium oxysporum and Thanatephorus cucumeris.  
Abdulameer and Al-Mussawi (2010) has investigated the antibacterial activity 
of shikonin that showed greatest antibacterial activity i.e. (50mm) against P. 
aeruginosa, (45mm) against E. coli, (40 mm) against S. aureus, and (38 mm) 
against K. pneumonia. The antioxidant and antimicrobial properties inherent in 
leaves and bulbs of geophytic endemic species, Ornithogalum alpigenum Stapf 
were carried out by Makasci et al. (2010). Of all the extracts derived from the 
leaves and bulbs of this plant with various solvents, the acetone bulb extract 
was most inhibitory to the growth of with inhibition zone diameter of 12.0±2.0 
mm for C. albicans ATCC10239. It was determined that the extracts of 
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Ornithogalum alpigenum Leaf-ethanol (OLE) (11±2.0mm diameter)and OTA 
(8±2mm diameter) were effective on B. subtilis ATCC 6633, OTB (9±1mm 
diameter)and OTA (10 ± 2 mm diameter) was effective on Bacillus cereus. 
Also Ajaybhan et al. (2010) in the same year has studied six medicinal 
plantextractsnamely Terminalia chebula, Mimusops elengi, Achyranthes 
aspera, Achyranthes catechu, Achyranthes arabica and Glycyrrhiza glabra in 
four different solvents such as petroleum ether, acetone, methanol and water. 
Each extract was tested for their antibacterial activity against five dental 
infection microorganisms such as S. aureus, Streptococcus mutans, S. 
salivarius, S. sanguis, Lactobacillus acidophilus and C. albicans by well 
diffusion method. All the plants showed significant activity against all 
pathogens, but the methanolic extract of T. chebula showed maximum zone of 
inhibition against S. aureus (27 mm) and C. albicans (26mm) and the minimum 
zone of inhibition were determined in petroleum ether extract of Mimusops 
elengi and Achyranthes aspera, against S. mutans, S. aureus and C. albicans (9 
mm). Methanolic and aqueous extracts showed greater activity as compared to 
petroleum ether and acetone extracts. Again in the same year, Gbedema et al. 
(2010) screened some local herbs (16 medicinal plants) for their possible 
usefulness as anti-infectives and their influence on the activity of amoxicillin. 
The MIC of amoxicillin against S. aureus, B. subtilis, P. aeruginosa, E. coli 
and S. typhi were determined alone and in the presence of sub-inhibitory 
concentrations of the extracts by the Kirby–Bauer agar diffusion method of 
antibacterial assay. Eleven out of 18 extracts exhibited antibacterial activity 
with MIC values below 20 mg/ml against at least one of the test bacteria 
employed. Amoxicillin activity against S. aureus was significantly (p<0.05) 
enhanced by the presence of sub-inhibitory concentrations of 5 extracts 
(Mallotus oppositifolius, Bidens pilosa, Morinda lucida, Croton membranaceus 
and Jatropha curcas). B. subtilis also became significantly susceptible to 
amoxicillin in the presence of 10 μg/ml extracts of B. pilosa, Hibiscus 
sabdariffa, M. oppositifolius, Momordica charantia, Anoclesta nobilis, 
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Cryptolepis sanguinolenta and Moringa oleifera. Spathodia campanulata, M. 
lucida, M. oleifera and J. curcas leaf extracts also significantly reduced the 
MIC of amoxicillin against E. coli while S. typhi susceptibility was enhanced 
by the presence of A. Nobilis, M. charantia, and J. Curcas extracts and it was 
concluded that sub-inhibitory concentrations of some plant extracts can 
enhance amoxicillin activity and these plants may provide lead compounds that 
may serve as cheap alternative adjuvants to clavulanic acid in amoxicillin 
formulations for the treatment of resistant opportunistic bacterial infections 
usually encountered among HIV/AIDS patients. Meanwhile Fangl et al. (2010) 
has evaluated the antibacterial activity of A. euchroma (Royle) Johnst (hairy 
roots) against the P. syringae, P. melonis, E. coli, S. aureus, F. oxysporum, 
f.sp. vasinfectum and Verticillium dahliae by filter paper method and mycelium 
growth rate method. The results divulged that ethanol extract had significant 
antibacterial action on three kinds of bacteria and the best inhibitory effect on 
S. aureus. Acetone extract had bacteriostatic action on P. syringae, whose 
inhibitory effect was greater than the ethanol extract of 26.5%.Ethyl acetate 
and petroleum ether extract had no inhibition effects on three species of 
bacteria. Four kinds of different solvent extracts had inhibition effects on two 
species of fungi, whose inhibition rate of V. dahliae was higher than F. 
oxysporum, f. sp. vasinfectum. Ethanol extract for S. aureus and acetone extract 
for P. syringae, pv.melonis the MIC was 0.1 mg/ml. Ethanol extract the MIC 
was 6.25 mg/ml for E. coli. Polysaccharides of hairy roots had inhibition 
effects on two species of fungi, with inhibition of V. dahliae 26.14% higher 
than F. oxysporum, f. sp. vasinfectum, but had no inhibition effects on three 
species of bacteria. 
Ten extracts from 10 medicinal plants, Acanthospermum hispidium, Argemone 
mexicana, Byrsocarpus coccineus, Canthium setosum, Croton lobatus, 
Dichapetalum guineense, Nauclea latifolia, Schrankia leptocarpa, Secamone 
afzelii, Pterocarpus erinaceus, traditionally used in Benin to treat infectious 
diseases were screened for in vitro antibacterial activity towards S. aureus, 
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Enteroccocus feacalis, E. coli and P. aeruginosa. All extracts were effective 
against tested microorganisms at different level with MIC ranking from 0.31 to 
10 mg/ml. The best inhibition on the growth of tested bacteria was observed 
with four extracts obtained from D. guineense, N. Latifolia and P. Erinaceus 
(MIC = 0.313 mg/ml) (Lagnika et al., 2010). In vitro activity of the extracts of 
medicinal plants Ecballium elaterium and Arnebia densiflora, which are 
endemic to Turkey, were analyzed against the strains of K. pneumoniae at the 
concentrations range from 128 to 0.0312 pLg/ml and this report shows that the 
extracts of Arnebia densiflora and E. elaterium are effective as much as the 
antibiotics amoxicillin and ofloxacin against some of the isolated strains of K. 
pneumoniae (K2, K3, K5, K6 and K10) at the concentration of 32 µg/ml. The 
extracts were active at the concentration of 64 µg/ml onto rest of the strains, 
which are close to the effective dose of controls as well. However, the activities 
of all the extracts against standard control strain of K. pneumoniae (RSKK 574) 
were comparatively better (8 µg/ml) than that of the tested isolated strains of K. 
Pneumonia, in which the activities varied between 32 to 64 µg/ml (Koca et al., 
2010). 
Recently, Menghani et al. (2011) evaluated the ethanol extracts of eight 
medicinal plants i.e. Arnebia nobilis, Garcinia indica, Boehavia diffusa, 
Solanum albicaule, Vitex negunda, Bunium persicum, Acacia concinna and 
Albizia lebbeck for their antimicrobial potentials against selected bacteria and 
fungi and all the plants exhibited strong antimicrobial activity with A. Nobolis 
showing strong activity against P. aureoginosa, S. aureus, E. coli and 
C.albicans. The antibacterial activity of aqueous and ethanolic extracts of leafs 
of Coldenia procumbens (Family: Boraginaceae) were observed using Agar 
well diffusion method by measuring the diameter of the growth inhibition zone 
against different gram-positive (S. aureus and Streptococcus pyrogenus), 
Gram-negative (S. typhi and E. coli) bacteria and fungi (C. albicans). It was 
observed that the aqueous extract of leaves of Coldenia Procumbens showed 
the significant antibacterial activity against gram-positive bacteria. No 
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antifungal activity was recorded with aqueous extract. The ethanolic extracts of 
leaves showed significant antibacterial activity against S. aureus and 
Streptococcus pyrogenus. While no antibacterial activity was found against S. 
typhi and E. coli, as well as no antifungal activity against C. albicans. 
Similarly, Ramakrishnan et al., 2011 in the same year studied, the 
antimicrobial activity of the petroleum ether, chloroform, methanol and 
aqueous extracts of the leaves of Ageratum conyzoides Linn.(Asteraceae) 
Argemone Mexicana Linn (Papaveraceae) Heliotropium indicum 
(Boraginaceae) Alistona scholaris L. R Brown (Apocynaceae)were screened 
against S. aureus, E. coli, P. aureginosa, A. Niger and C. albicans. The results 
indicated that the chloroform, methanol and aqueous extracts of all tested plant 
materials are active against both Gram positive and Gram negative bacteria. Of 
all the extracts, methanol was found to be more effective than other. 
Phytochemical screening of the methanolic extracts of selected plants revealed 
the presence of alkaloids, tannins and flavonoids. In continuation to this study, 
antimicrobial activities of extract of sixteen Iranian folklore plants including 
Heracleum lasiopetalum Boiss. (Apiaceae), Satureja bachtiarica 
Bunge.(Lamiacae), Thymusdaenensis Celak. (Lamiacae), Ziziphora teniur L. 
(Lamiacae), Echiophora platyloba L. (Apiaceae), Dracocephalum multicaule 
Benth. (Lamiacae), Kelussia odoratissima Mozff. (Apiaceae), Mentha 
longifolia Hudson. (Lamiacae), Achillea kellalensis Boiss. (Asteraceae), 
Stachys lavanduli folia Vahl. (Lamiacae), Hypericum scabrum L. 
(Hypericaceae), Quercus brantii Lindley. (Fagaceae), Myrtus communis L. 
(Myrtaceae), Pistachia atlantica Desf. (Anacardiaceae), Arnebia euchroma 
(Royle.) Johnston. (Boraginaceae) and Salvia hydrangea DC. (Lamiacae) were 
investigated against strains of S. aureus, E. coli, P. aeruginosa, K. pneumonia, 
E.coli, Yersinia enterocolitica, Bacillus cereus, Listeria monocytogenes, 
Campylobacter coli, Campylobacter jejuni and C.albicans by agar disc 
diffusion and serial dilution assays and the study showed relatively high 
antimicrobial activity against all the tested bacteria and fungi (Pirbalouti et al., 
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2011). Also, Kumar and Singh (2011) have evaluated the antibacterial activity 
of the ethanol extracts from some trans-Himalayan medicinal plants being used 
in “Amchi system of medicine”. Extracts, at concentration between 8 and 
250μg/ml, showed a significant antibacterial effect expressed as minimum 
inhibition concentration (MIC) against both Gram-negative and Gram-positive 
bacteria. In particular, samples of Podophyllum hexandrum leaf, Verbascum 
thapsus stem against B. subtilis and Salvia sclarea flower against P. 
aeruginosa (MIC=8μg/ml) were highly effective. Similarly, Haghbeen et 
al.(2011) has analysed dried root of the plant A. euchroma for shikalkin 
pigment which was found to be 8.5(w/w) also the root explants of the young 
plantlets, obtained from the germinated seeds for the antimicrobial activity of 
shikalkin pigment on some fungi and Gram-positive and negative bacteria. 
Results indicated that the pigment was almost ineffective on fungi and Gram-
negative bacteria, but it was meaningfully effective against Micrococcus luteus. 
The antibacterial screening of methanol and aqueous extracts of leaves of five 
different medicinal plants, Solanum nigrum L., S. torvum Sw., S. trilobatum L., 
S. surattense Burm and S. melongena L. was performed by disc diffusion 
method. The results divulged that the methanol extracts of all the plant samples 
showed significant activity against the two tested bacteria. The methanol 
extracts of S. nigrum, S. torvum and S. Surattense exhibited clear zone of 
inhibition against the tested micro-organisms. Among these three samples, the 
MIC value of S. surattense, determined by serial dilution technique, was found 
to be 32μg/ml and 64μg/ml against Xanthomonas campestris and Aeromonas 
hydrophila respectively (Britto et al., 2011). 
In continuation to the above studies, the antibacterial potentials of fourteen 
ethno botanically selected plants traditionally used in different parts for the 
treatment of typhoid fever and gastrointestinal disorders was tested against a 
collection strain of S. typhimurium, a clinical strain of S. typhi and P. 
aeruginosa by macro broth dilution method. All the plants had bactericidal 
activity against at least one of the test microorganisms with both MIC and 
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MBC ranging from 2.5 to >80 mg/ml. Among the plant extracts,Terminalia 
glaucescens (Combretaceae) Bersama abyssinica subsp. paullinioides 
(Melianthaceae) and Abrus precatorius (Fabaceae) showed the most promising 
broad spectrum antibacterial properties, inhibiting all of the strains tested, 
especially S. typhi and P. aeruginosa, with MBC ranging from 2.5 to 5 mg/ml 
(Bolou et al., 2011). 
The search for antimicrobial compounds continues with Abiramasundari et al. 
(2011) extracted Cocculus hirsutus parts with different solvents namely 
petroleum ether, chloroform, benzene, acetone, methanol and water for the 
determination of antibacterial activity. The benzene and methanol extracts of C. 
hirsutus leaves have shown strong antibacterial activity against all the 
organisms tested. The zone of inhibition ranged from 8-16 mm. The petroleum 
ether, acetone and methanol extracts of C. hirsutus stem have shown 
pronounced antibacterial activity against all the microorganisms tested.  
The potential antibacterial value of various extracts of Andrographis 
paniculata against various pathogenic microorganisms (E. coli, Klebsiella spp. 
and Pseudomonas spp.) by employing minimal inhibitory concentration was 
evaluated. Minimal inhibitory concentration values were compared with 
control the result revealed that the methanol extract is potent in inhibiting 
bacterial growth of gram negative microorganism (Savitha and Rathnavijaya, 
2011). Amin and Khan et al. (2011) evaluated the antimicrobial activities of 
methanol and aqueous extracts of 5 medicinal plants of a traditional medicine 
were against 6 human gram positive (S. aureus, Micrococcos luteus) and gram 
negative (E. coli, P. aeruginosa, Enterobacter, K. pneumoniae) pathogens. The 
most active extract found was Azadirachta indica leaves which represented 
widest zone of inhibition of 16(±0.05) mm and minimum inhibitory 
concentration 0.19 mg/ml against K. pneumoniae. Calotropis procera leaves 
was found least active representing lowest Zones of inhibition 3.13(±0.05) mm 
and highest minimum inhibitory concentration value (20mg/ml) against test 
microorganisms. 
Review of literature 2012 
 
29  
 
As a part of screening programme for evaluation of antimicrobial activity, very 
recently, Moghaddam et al. (2012) studied the antimicrobial and antioxidant 
activity of Onosma dichroanthum Boiss. (boraginaceae) by agar dilution and 
well diffusion methods. Results showed that Gram positive bacteria were more 
sensitive than Gram negative bacteria, especially to acetone extract in the well 
diffusion method. Bacillus cereus with minimum inhibitory concentration 
(0.078 mg/ml) was the most sensitive bacterium. These results indicated that 
the use of O. dichroanthum root can be a confirmation for using this plant in 
traditional medicine, as antiseptic and antioxidant effect and in the same year 
Mukherjee et al. (2012) has investigated that n-hexane fraction of crude 
methanol extract of Alstonia scholaris Linn. R.Br. stem bark was evaluated for 
antibacterial activity using four human pathogenic multi-drug resistance 
bacterial strains Enterobacteriaceae bacterium IK1-01, S. dysentery, 
Enterobacter cloacae and Serratia marcescens. Antibiotic susceptibility tests 
were also performed to evaluate the multi-drug resistance patterns of these 
strains. All the strains showed multi-drug resistance against several 
commercially available antibiotics. The n-hexane fraction showed significant 
inhibitory activities against all the strains by agar-diffusion assay. The n-
hexane fraction of crude methanol extract of stem of Alstonia scholaris showed 
MICs of 5.5 mg/ml, 5 mg/ml, <5.5 mg/ml and 8 mg/ml and induced a 
maximum of 85.7%, 95.6%, 89.3% and 94.4% growth inhibition against 
Enterobacteriaceae bacterium IK1-01, S. dysentery, Enterobacter cloaca and  
Serratia marcescens respectively. 
2.3. ANTIOXIDANT ACTIVITY 
 Antioxidants are important in the prevention of human diseases. Antioxidant 
compounds function as free radical scavengers, complexers of pro-oxidant 
metals, reducing agents and quenchers of singlet oxygen formation (Andlauer 
et al., 1998). Antioxidants are often used in oils and fatty foods to retard their 
auto-oxidation. Synthetic antioxidants, such as butylated hydroxytoluene 
(BHT) and butylated hydroxyanisole (BHA) have restricted use in foods as 
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they are suspected to be carcinogenic. Naturally occurring antioxidants in leafy 
vegetables and seeds, such as ascorbic acid, vitamin E and phenolic 
compounds, possess the ability to reduce the oxidative damage associated with 
many diseases including cancer, cardiovascular disease, cataracts, 
atherosclerosis, diabetes, arthritis, immune deficiency diseases and aging 
(Pietta et al., 1998; Lee et al., 2000; Middleton et al., 2000).Therefore, the 
importance of search for natural antioxidants has greatly increased in the recent 
years (Jayaprakasha et al., 2003).Numerous crude extracts and pure natural 
compounds are reported to have antioxidant properties. 
The antioxidant activity of a total of 92 phenolic extracts from edible and non 
edible plant materials (berries, fruits, vegetables, herbs, cereals, tree materials, 
plant sprouts, and seeds) was examined by Kahkonen et al. (1999).The content 
of total phenolics in the extracts was determined spectrometrically according to 
the Folin-Ciocalteau procedure and calculated as gallic acid equivalents (GAE). 
Among edible plant materials, remarkable high antioxidant activity and total 
phenolic content (GAE > 20 mg/g) were found in berries, especially Aronia 
and crowberry. Apple extracts (two varieties) also showed strong antioxidant 
activity. Among non-edible plant materials, high activities were found in tree 
materials, especially in willow bark, spruce needles, pine bark and cork, and 
birch phloem, and in some medicinal plants including heather, bog-rosemary, 
willow herb, and meadowsweet. In addition, potato peel and beetroot peel 
extracts showed strong antioxidant effects. As part of a screening program for 
biologically active compounds in plants, twenty two medicinal plants were 
extracted and screened for anti-oxidant activity using the 2, 2,diphenyl-picryl-
hydrazyl radical by Oke and Hamburger (2002)and the result of the anti-
oxidant assay revealed that all the medicinal plant materials used contain 
varying degrees of anti-oxidants. Although phytochemical screening showed 
that some of the plant materials contain other metabolites e.g. alkaloids, the 
major components contained in the plant material under investigation was poly 
phenolic compounds as confirmed by the DPPH spray reagent. Rajeswar et al. 
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(2005) reported the antioxidant activity of methanol extract of Mucuna 
pruriens (MEMP) seeds by inhibiting DPPH and hydroxyl radical, nitric oxide 
and superoxide anion scavenging, hydrogen peroxide scavenging, and reducing 
power activities when compared with different standards such as BHT, L-
ascorbic acid, curcumin, quercetin and α-tocopherol. In addition, the MEMP 
found to contain a noticeable amount of total phenols, which play a major role 
in controlling antioxidants. The results of this study show that the MEMP can 
be used as easily accessible source of natural antioxidants and as a possible 
food supplement or in pharmaceutical industry. In the next year, the crude 
methanol extracts of 12 traditionally used Indian medicinal plants were 
screened for their antioxidant and free radical scavenging properties using α-
tocopherol and butylated hydroxy toluene (BHT) as standard antioxidants. 
Antioxidant activity was measured by ferric thiocyanate (FTC) assay and 
diphenyl picryl hydrazyl (DPPH) radicals. The overall antioxidant activity of 
Lawsonia inermis was the strongest, followed in descending order by Ocimum 
sanctum, Cichorium intybus, Piper cubeba, Punica granatum, Alliumsativum, 
Delonix regia, Terminalia chebula, Terminalia bellerica, Mangifera indica, 
Camellia sinensis, and Trigonella foenum-graecum. Phytochemical analysis of 
plant extracts indicated the presence of major phyto-compounds including 
phenolics, alkaloids, glycosides, flavonoids and tannins. The tested plant 
extracts showed promising antioxidant and free radical scavenging activity, 
thus justifying their traditional use (Aquil et al., 2006).This study was followed 
by the findings of Chen et al. (2007) who reported a positive demonstration of 
the utility of Taiwan’s endemic Zingiberaceous plants for their total phenol 
compounds, DPPH scavenging activity and reducing power. The results 
showed that the total phenol compounds of the Alpinia genus averaged 17-30 
mg/g for Curcumas and the highest 36.5 mg/g for Vanoverberghia sasakiana. 
Antioxidant performances were best observed in Vanoverberghia and 
Hedychium, both 89%, and DPPH scavenging activity followed similar trends. 
Particularly, Zingiber oligophyllum, considered as a traditional medicinal plant 
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used in Taiwan exhibited low DPPH scavenging activity and reducing power. 
Hedychium and Vanover berghia did not show antimicrobial activities on E. 
coli and Vibrio parahaemolyticus. Meanwhile, Nagulendran et al. (2007) in the 
same year evaluated the antioxidant activity of Cyperus rotundus rhizomes 
extract (CRRE) in a series of in vitro assay involving free radicals and reactive 
oxygen species. CRRE exhibited its scavenging effect in concentration 
dependent manner on superoxide anion radicals, hydroxyl radicals, nitric oxide 
radical, hydrogen peroxide, and property of metal chelating and reducing 
power. The extracts were found effective in preventing mitochondrial lipid 
peroxidation induced by FeSO4/ascorbate in concentration dependent manner. 
In the next year, Papuc et al.(2008) examined the antioxidant activity of water-
acetone and alcoholic extracts obtained from sea buckthorn using different tests 
including scavenging of 1,1-diphenyl-2picryl-hydrazil radical (DPPH
.
), 
superoxide anion radical O
2
-
 and total antioxidant activity. The antioxidant 
activities of sea buckthorn extracts were compared with standard antioxidants 
2,6-di-tert-butyl-p-hydroxytoluene (BHT) and tert-butyl-hydroxyanisole 
(BHA). The results indicate that water-acetone extract and alcoholic extract 
prevent lipid per-oxidation due to the ability to annihilate free radicals. 
Similarly the antioxidant activities and total polyphenol content in species of A. 
euchroma and Lithospermum erythrorhizon revealed that methanol and water 
extracts of A. euchroma exhibited more antioxidant activity than Lithospermum 
erythrorhizon (Man-Jau Chang et al., 2008). In the same year Orhan et al. 
(2008) reported the acetylcholinesterase (AChE) inhibitory and antioxidant 
activities of the chloroform, ethyl acetate, methanol, and water extracts of the 
root, stem, and flowers of the A. densiflora as well as shikonin. The results 
revealed that the methanol and water extracts of the roots had a moderate 
DPPH radical scavenging effect at 2000 μg ml-1while the extracts exerted a 
better ferrous ion chelating effect as compared to the reference, butylated 
hydroxyanisole. Only the root chloroform extract showed mild inhibition 
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against AChE at 62.5 μg ml-1 (49.6±1.69%) while as Shikonin was found 
inactive in all of the assays performed. In persistence to the above work, 
Sengul et al. (2009) evaluated crude extracts from Inula aucherana, Fumaria 
officinalis, Crocus sativus, Vicum album, Tribulus terestris, Polygonatum 
multiflorum, Alkanna tinctoria and Taraxacum officinale for their in vitro 
antioxidant activity. β-carotene bleaching assay and Folin-Ciocalteu reagent 
were used to determine total antioxidant activity and total phenols of plant 
extracts. Antioxidant activity and total phenolic content varied among plants 
used and Viscum album and Crocus sativus had the highest antioxidant 
(82.23%) and total phenolic content (42.29 mg GAE/g DW), respectively. 
Antimicrobial activity was determined by using disk diffusion assay and 
themethanol extracts from Vicum album and Alkanna tinctoria showed 
antimicrobial activity against 9 out of 32 microorganisms, however extract 
from Inula aucherana showed antimicrobial activity against 15 out of 
32microorganisms. The results provided evidence that the studied plants are 
potential sources of natural antioxidant and antimicrobial agents. 
The work for exploration of medicinal plants as antioxidants continued as 
Gowri and Vasantha (2010) has studied antioxidant activity of 70% acetone 
and 50% ethanol extracts of leaves of Sesbania grandiflora (L.) Pers by DPPH 
radical scavenging method in which acetone extract was found to be more 
efficient. In a related manner, Rajkumaret al. (2010) also evaluated antioxidant 
activity of methanol and aqueous extracts of Bergenia ciliata (Haw.) Sternb. 
rhizome by DPPH and Lipid per-oxidation methods and both the extracts were 
able to protect DNA from oxidative damage suggesting that extracts of B. 
ciliate have promising therapeutic potential and could be considered as 
potential source for drug development by pharmaceutical industries and El-
Hela and Abdullah (2010) has evaluated the antimicrobial and antioxidant 
activity of methanol extracts of some verbena species. Quantitative estimation 
of the total active constituents (phenolic, flavonoid, iridoid and phenyl 
propanoid glycoside (PPGs) of the methanol extracts of Verbena tenara, 
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Verbena venosa and Verbena rigda extracts  showed significant antioxidant 
effect. The potency of radical scavenging effect and antimicrobial effect was 
observed to be greater in Verbena rigda extracts (IC50=0.02mg/ml) which 
indicated greater presence of phenolic compounds than in other species. This 
was followed by study of Premanath and Lakshmidevi (2010) who examined 
the anti-oxidant effects of different solvent (hexane, chloroform, methanol, 
ethanol and water) extracts of leaves of Tinospora cordifolia. Dried and 
powered leaves of Tinospora cordifolia were estimated for total phenolic and 
flavonoid contents of different solvent extracts. Of the different solvent 
extracts, ethanol extract had the highest phenol and flavonoid content of 
5.1±0.25 mg/g and 0.52±0.02 mg/g respectively. Antioxidant assays were 
carried out by using different in vitro models such as total reducing power, total 
antioxidant activity, lipid peroxidation inhibitory activity, DPPH radical 
scavenging activity and superoxide radical scavenging activity. Ethanol extract 
showed the highest total antioxidant activity of 41.4±0.45 μM Fe(II)/g. The 
EC50 values of ethanol extract for lipid peroxidation inhibitory activity and 
DPPH radical scavenging activity were found to be 0.1 and 0.5 mg/ml 
respectively. Sati et al. (2010) reported that crude plant extracts in various 
organic solvent extracts and aqueous solvents comprise of different compounds 
like essential oils, terpenes, alkaloids, peptides, saponins, flavonoids and 
proteins that have been frequently screened for their antifungal activities 
against number of plant and animal pathogenic fungi. The physico-chemical 
factors influencing the shikonin derivatives production in cell suspension 
cultures of Arnebia euchroma was reported by Sonia et al. (2010) and revealed 
that optimum culture conditions enhanced the production of secondary 
compounds from cell. Medicinal value of Euryale ferox extracts, by 
determining its antifungal activity, antioxidant activity (DPPH and H2O2 
radical scavenging) and phyto-chemical screening. Among all the extracts 
tested, methanolic leaf and seed extracts were able to exhibit inhibitory 
activity.  Five out of the nine fungal strains tested were susceptible to both 
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extracts with C. albicans and Pencillium notatum exhibiting highest zone of 
inhibition (Parray et al., 2010). Again in the same year, Dimitrova et al. (2010) 
investigated thirteen species of Hypericum growing in Bulgaria for free radical-
scavenging activity, antioxidant activity, total tannins and total flavonoids 
contents. Methanolic extracts from the Hypericum species were analyzed for 
radical scavenging and antioxidant activities using DPPH, ABTS-free radicals, 
total antioxidant activity and inhibition of lipid peroxidation by ferric 
thiocyanate (FTC) method. Butylated hydroxytoluene and ascorbic acid were 
used as positive controls. Methanolic extracts from Hypericum cerastoides, 
Hypericum perforatum and Hypericum maculatum demonstrated the highest 
antioxidant activities and are potential sources of natural antioxidant 
compounds.  The amounts of the tannins ranged from 1.30±0.01 mg/100 g dw 
in H. elegans to 8.67±0.02 g/100 gdw in H. perforatum. The highest 
concentration of flavonoids was found in H. Cerastoides (1.22 ± 0.02 g/100g 
dw) and the lowest amount was established in H. olympicum (0.20 ± 0.03 
g/100g dw). A traditional medicinal plant, Tridax procumbens was analyzed by 
Habila et al. (2010) for reducing power ability as an antioxidant using the 1,1-
diphenyl-2-picrylhydrazyl (DPPH) assay and for total phenolics using theFolin-
Ciocalteu method. The results of the analysis show that T. procumbens has a 
percentage antioxidant activity (AA %) of 96.70 which was observed to be 
higher than those of gallic (92.92%) and ascorbic acids (94.81%) used as 
standards. The reductive potential determination shows that T. procumbens has 
a very significant reductive potential of 0.89 nm at the same concentration with 
gallic acid whose reductive potential was 0.99 nm. The total phenolic 
determination shows that T. procumbens has a phenolic content of 12 mg/g 
Grams equivalent. The results of this analysis revealed the fact that plants are 
rich sources of natural antioxidant. 
Recently, Iyawe and Azih (2011) studied the extracts of leaves and barks from 
five tropical antimalarial plants namely; Magnifera indica, Anacardium 
occidentale, Azachiractha indica, Carica papaya Linn and Cymbopogm 
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citrates for their total phenolics, total flavonoids and inhibition of lipid 
peroxidation abilities. Crude extracts from each plant material were obtained 
by macerationin ethanol and water respectively. The water extract of A. indica 
bark inhibited liver lipid peroxidation by 8.70 ± 0.32% while that of A. 
occidentale bark inhibited kidney lipid peroxidation by 11.78 ± 1.08%. These 
results suggest a need for further examination of the water extract of A. 
occidentale bark as this part of the plant appears to be critical in the 
phytotherapy of malaria infection. 
Very recently, Belmekki and Bendimerad (2012) estimated in vitro antioxidant 
activities of methanol extracts of some Algerianmedicinal plants (Saccocalyx 
satureioïdes, Teucrium polium and Salvia verbenaca) (Lamiaceae) using 
Folin–Ciocalteau, ferric-reducing/antioxidant power (FRAP) and 2,2-diphenyl-
1-picrylhydrazyl (DPPH) radical-scavenging assays. The results showed that 
methanolic extract of T. polium with a total content of polyphenols (3.81 
GAE/g) and an IC50of 5.70μg/ml was a more potent antioxidant. In power 
reduction, the antioxidant activity of T. polium and S. satureioïdes extracts, at 
all the concentrations were average compared to controls used (BHA, BHT). 
Similarly, Yang et al. (2012) studied the antioxidant properties of the ethanol 
extracts Illicium verum fractionated by hexane, ethyl ether, chloroform and 
ethyl acetate, and supercritical CO2 extracts of the plant were evaluated using 
1,1-diphenyl-2-picryhydrazyl (DPPH) radical scavenging effect, the total 
equivalent antioxidant capacity and a reducing power assay. In addition, the 
amount of total phenolic content and the flavonoid content were also 
determined. The ethyl acetate fractions contained substantially higher levels of 
total phenolics (4.5 g gallic acid / 100 g dry weight) and total flavonoids (6.9 g 
quercetin/100 g dry weight) than the other extracts, and possessed significant 
antioxidant activities. A scientific study for search of antioxidant compounds 
has led to a study by Subedi et al. (2012) wherein methanol extract of the bark 
of Machilus odoratissima was subjected to investigation for its antioxidant and 
antibacterial properties. The phytochemical screening demonstrated the 
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presence of different types of compounds like terpenoids, tannins, deoxy sugar, 
saponins and phenolic compounds. The methanol extract of the plant was tested 
for antioxidant activity using scavenging activity of DPPH (1,1-diphenyl-2-
picrylhydrazil) radical method and antibacterial activity against S. aureus, 
Enterococcus faecalis, E. coli and P. aeruginosa bacteria using cup plate 
method. The extract exhibited high free radical scavenging activity. IC50 was 
found to be 3.37μg/ml. Antibacterial activity was observed against S. aureus in 
a dose dependent manner. 
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his study is aimed at the investigation of different extractions and 
traditional preparations of Arnebia benthamii L. for in vitro 
antibacterial/antifungal and antioxidant activities and scientifically 
justifying certain traditional uses of this plant. The bacteria and fungi used in 
this study were clinical isolates from patients of different epidemiological cases 
obtained from the Bacteriological and Mycological section (Department of 
Microbiology) SKIMS, Soura, Srinagar J&K. 
The selection of methods and techniques for investigating the in vitro 
antimicrobial and antioxidant activity of medicinal plants can be a challenging 
task when faced with the various methods employed in literature. The different 
requirements of the selected pathogens and the traditional uses of the medicinal 
plants formed the basis for selecting the methods used in this research. 
T 
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A. benthamii is a perennial plant and was collected as a whole plant from 
Duksum Kashmir Himalaya, J&K, India in July-September 2011. Sampling was 
carried out immediately after inflorescence formation and plants were collected 
manually in bulk from the area. This study deals with two parts of the said plant 
i.e. aerial parts and roots. All the parts were separated, washed and dried under 
shade for few days and then cut into small pieces. These small pieces were then 
made in powdered form in a wood grinder under sterilized conditions. Plant was 
identified at Kashmir University Herbarium (KASH), Centre of Plant 
Taxonomy, Department of Botany, University of Kashmir, Srinagar. The 
herbarium of the same was submitted in the above centre under voucher 
no.1748. 
A. benthamii was selected based on its traditional therapeutic uses as described 
in literature. Although different parts of a plant may show varying antimicrobial 
activity (Essawi and Srour, 2000), shoot as well as roots were reported as the 
most frequently used plant parts for treating some common prevailing diseases 
in Himalyan area. Gule Khazaban’ from A. benthamii is very costly medicine 
and has been found to have cardiac (used in the treatment of heart problems) 
and febrifuge (reduces fevers) properties. The plant is considered to be useful in 
the treatment of diseases of the tongue and throat (Kaul, 1997). Although the 
interfering water content of fresh plant parts may pose problems when there is a 
delay between collection and processing (George et al., 2001), the traditional 
method of preparation of the selected plants employ the use of fresh leaves (Van 
Wyk et al., 1997). According to George et al. (2001), it is essential that 
traditional methods of processing plants be taken into account when 
standardizing procedures for phytochemical investigation. 
Methodology involved a series of aspects from field trip collections to the 
observations including selection and collection of the medicinal plants, usage of 
instruments, preparation of instruments, and selection of specific strains and 
formation of protocols. All this requires good build of mind and soft technical 
hand to handle the materials and procedure in a true scientific manner.  
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3.1. Instrumentation 
 Grinder  
 Water bath  
 Soxhlet extractor  
 Glass ware (conical flasks, beakers, etc.)  
 Digital balance  
 Incubator  
 Laminar Flow  
 Heating oven  
 Micro titre plates  
 Digital balance  
 Spectrophotometer  
 Glassware (Petri plates, test-tubes, micropipettes, beakers)  
 pH meter  
 Refrigerator  
 Sterile paper and antibiotic discs (Hi media)  
3.2. Chemicals and Reagents  
3.2.1. Phytochemical screening 
Chloroform, sulphuric acid, ammonia, ferric chloride, Draggendrorff’s reagent, 
glacial acetic acid. HCl, zinc/magnesium pallets, double distilled water.Folin-
Ciocalteau reagent, sodium carbonate and gallic acid (Hi Media). 
3.2.2. Antimicrobial activity 
Sodium hydroxide (CDH), HCl (Qualigens), Nutrient Agar (Hi Media), 
Nutrient Broth (Hi Media), Barium sulfate (McFarlands opacity tube), normal 
saline, Muller Hinton Agar (Hi Media), Muller Hinton Broth (HiMedia), 
Mackonkey’s Agar (Hi Media) and Sabouraud Dextrose Agar (Hi Media) 
Potato Dextrose Agar (Hi media). 
3.2.3. Antioxidant activity:  
All the solvents used were of analytical grade. Ammonium-thiocyanate 
(Merck), 1,1-diphenyl 2-picrylhydrazyl (DPPH), Trichloroacetic acid, Ascorbic 
acid, Nitro Blue tetrazolium (NBT), Riboflavin, Butylated Hydroxy Toluene 
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(BHT) and (Sigma Chemicals Co., St. Louis MO, USA). All other chemicals 
i.e. sodium hydroxide, sodium nitrite, ferrous chloride, ammonium thiocyanate, 
Potassium di-hydrogen phosphate, EDTA, Di-potassium hydrogen phosphate, 
used in this study were purchased from Hi media (Mumbai Pvt. Ltd.). 
3.3. Sampling 
This includes the steps from the collection of plant up to its extraction.  
3.3.1. Extraction of parts of medicinal plant 
50g of dried powder of each plant part i.e. aerial parts and root were loaded and 
then defatted with petroleum ether in Soxhlet extractor (extract was collected 
later weighed and dried and kept for further usage) and the defatted material 
was dried and then re-loaded in extractor for other successive solvent (Ethyl 
acetate, chloroform, butanol, ethanol, methanol and aqueous) extraction. 
Extracts collected were later dried and weighed and kept for further usage in 
sterilized caped vials at 4ºC. 
An adapted quantitative extraction method was performed (Parray et al., 2010). 
The plant material (50g of dried powder of each plant part i.e. aerial parts and 
root) was extracted with seven different extraction solvents in order to obtain a 
dried extract residue. Extracts collected were later dried and weighed and kept 
for further usage in sterilized caped vials at 4ºC. The solvent-free dried extract 
residues were re-suspended in di-methylsulphoxide (Aq. 10 % DMSO) for 
subsequent analysis. 
The biological activity varies with the extraction solvent. It is therefore essential 
to select the most appropriate solvent for extracting antimicrobial and 
antioxidant compounds (Lin et al., 1999; Vlachos et al., 1996). A specific 
extractant (solvent) may extract different antimicrobial compounds from plants 
with different chemical profiles. Seven different extraction solvents namely 
petroleum ether, ethyl acetate, chloroform, butanol, ethanol, methanol and 
aqueous were selected based on a review of literature for extracting different 
constituents from the plants. Methanol followed by ethyl acetate, chloroform 
and butanol was reported as the most effective solvents for extracting 
biologically active compounds from plant (Vlachos et al., 1996). Studies 
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revealed that besides the efficacy of methanol as an antibacterial extractant, it 
gave the most consistent antibacterial activity whereas ethylacetate extracted a 
complex mixture of different components (Lin et al., 1999; Martini and Eloff, 
1998). Aqueous extracts of plants was included due to the reported popularity 
for use as solvents in preparing remedies for traditional medicinal purposes 
(Brantner and Grein, 1994).  
3.4. Experimental Methodology 
Preliminary Phyto-chemical Qualitative screening (Ayoola et al., 2008) 
The phyto-chemical screening tests of different plant extracts were performed 
by using standard procedures. 
3.4.1. Test for Alkaloids 
A weighted amount of 0.5g of plant extracts were diluted to 10ml with acid 
alcohol, boiled and filtered. To 5ml of the filtrate was added 2ml of dilute 
ammonia. 5ml of chloroform was added and shaken gently to extract the 
alkaloidal base. The chloroform layer was extracted with 10ml of acetic acid. 
This was divided into two portions. The upper layer was discarded; to the other 
layer was added Draggendorff’s reagent. The formation of reddish-brown 
precipitate with Draggendorff’s reagent was regarded as positive for the 
presence of alkaloids. 
3.4.2. Test for Terpenoids (Salkowski Test) 
To 0.5g of each of the plant extracts was added 2ml of chloroform, followed by 
carefully adding 3ml of concentrated sulfuric acid to form a layer. A reddish-
brown colouration of the interface indicated the presence of terpenoids. 
3.4.3. Test for Flavonoids 
To a portion of an aqueous filtrate of the plant extract, 5ml of dilute ammonia 
was added. Then 1ml of concentrated sulfuric acid was added to it. A yellow 
colouration that disappears on standing indicated the presence of flavonoids. 
3.4.4. Test for Saponins 
To 0.5g of plant extracts was added 5ml of distilled water in a test tube. The 
solution was shaken vigorously and observed for a stable persistent froth. The 
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frothing was mixed with 3 drops of olive oil and shaken vigorously after which 
it was for the formation of an emulsion. 
3.4.5. Test for Tannins 
About 0.5g of the plant extract was boiled in 10ml of water in a test tube and 
then filtered. A few drops of 0.1% ferric chloride was added and observed for 
brownish-green or a blue-black colouration which indicate the presence of 
tannins. 
3.4.6. Test for Anthraquinones 
Half a gram of each of the plant extracts was boiled with 10ml of sulfuric acid 
and filtered while hot. The filtrate was shaken with 5ml of chloroform. The 
chloroform layer was pipetted into another test tube and 1ml of dilute ammonia 
was added. The resulting solution was observed for colour change. 
3.4.7. Test for Cardiac Glycosides (Keller-Killiani Test) 
The 0.5g of each of the plant extracts was mixed with 5ml of distilled water. 
Then 2 ml of glacial acetic acid containing one drop of ferric chloride solution 
was added to each extract. This was underlayed with 1ml of concentrated 
sulfuric acid. A brown ring at the interface indicated the presence of a deoxy-
sugar characteristic of cardenolides. A violet ring appeared below the brown 
ring, while in the acetic acid layer a greenish ring may formed just above the 
brown ring that gradually spread throughout this layer. 
3.4.8. Test for Phenols (Ferric chloride test) 
 A small quantity of alcoholic or aqueous extract was dissolved in 2ml of 
distilled water, and a few drops of 10% aqueous ferric chloride solution were 
added. A blue or green colour was produced indicating the presence of phenols. 
3. 5. Quantitative Estimation of Phenols 
The amounts of total phenolics in extracts were determined according to Follin-
Ciocalteau procedure (Padmaja et al., 2011). Samples (200 µl) were introduced 
into test tubes and 1ml of Folin-Ciocalteau reagent and 0.8 ml of sodium 
carbonate (7.5%) were added. The tubes were mixed and allowed to stand for 
30 min. Absorption at 765 nm was measured. The total phenolic content was 
expressed as gallic acid equivalents (GAE) in µg/mg tissue as calculated from 
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standard gallic acid graph. A standard calibration curve was prepared by 
plotting absorbance Vs concentration and it was found to be linear over this 
concentration range. 
3. 6. Antimicrobial Susceptibility Testing 
The primary purpose of antimicrobial susceptibility testing is to determine the 
potency of the crude drug. Antimicrobial susceptibility may be reported 
qualitatively, as sensitive, intermediate and resistant or quantitatively in terms 
of the concentration of the agent which inhibits the growth of the organism, the 
minimum inhibitory concentration (MIC), or that which kills it, the minimum 
bactericidal concentrations (MBC). The two principal methods used for 
susceptibility testing are outlined below: 
3.6.1. Agar Disc diffusion assay  
For the evaluation of antimicrobial activity of A. benthamii extracts, the first 
and foremost step used was to sterilize all the glassware in autoclave. After 
sterilization the further steps were the preparation of the media, selection of the 
test organisms and sensitivity tests for microorganisms.  
3.6.1a. Preparation of Glassware  
All the glass ware was washed in laboline with tap water and then rinsed 2-3 
times with distilled water. After drying in an oven, the glass ware was 
autoclaved at 121ºC and 15lb pressure for 20 min and was kept for further use.  
3.6.1b. Test Microorganisms 
Escherchia coli, Pseudomonas aeruginosa, Shigella flexneri, Klebsiella 
pneumoniae, Salmonella typhimurium, Staphylococcus aureus and all fungal 
strains viz, Aspergillus versicolor, Candida albicans, Candida kruesie, Candida 
paraloposis, Aspergillus flavus and Accrimonium spp. were provided by 
Bacteriological and Mycological section (Deptt. of Microbiology, SKIMS, 
Soura, Srinagar). All the strains were maintained and grown on their respective 
medias (Appendix1). 
3.6.1c. Disc diffusion method 
There is no single internationally accepted method of disc diffusion testing 
however Kirby-Bauer (Bauer et al., 1966) method was followed. In this method 
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sterile discs with antimicrobial agents are poured on microbial cultures and 
inhibition zone diameters around the discs are measured as the potency of crude 
plant extracts. The basic principle of this method is that discs impregnated with 
antimicrobial agents absorb moisture from the agar and antimicrobial agent 
diffuses into the agar medium. The rate of extraction of antimicrobial agent 
from the disc is greater than the rate of diffusion. All the extracts were tested 
against specific bacterial and fungal strains as follows:- 
i. The bacterial/fungal colony was picked by the inoculating wire and was 
passed into the normal saline tube. The turbidity of tube was compared 
with the 0.5 McFarland‘s opacity tube and was diluted or concentrated 
accordingly.  
ii. The inoculated plates were left to dry for at least 5-10 minutes, after 
which Whatmans filter paper discs (6 mm previously saturated with 
different concentrations of the extract) were placed on the plates with 
the help of a sterilized forcep. The final concentrations of the discs were 
250μg/ml for bacterial strains and 400μg/ml for fungal strains (100μl 
and 200 μl volume for each bacterial/fungal culture) {Appendix II}. 
iii. The different antibiotics as Erythromycin, Gentamycin, Ofloxcin, and 
Streptomycin for bacterial strains and Nystatin for fungal strains were 
used as positive controls. 
iv. The plates were incubated at 37°C for 24 hours in incubator. Inhibition 
Zone of Diameter (IZD) around each disc was measured to the nearest 
mm with the help of ruler.  
3.6.2. Broth Dilution Method:  
3.6.2a. Minimum Inhibitory Concentration (MIC) 
The method followed by Sette et al. (2006) with some modifications                                                                        
were used for MIC and MBC determination using Muller-Hinton Broth 
(NCCLS 1990b) on a tissue culture test plate (96 wells) for bacterial cultures. 
The stock solutions of all extracts were diluted and transferred into the first 
well, and serial dilutions were performed in order to have concentrations in the 
range of 10 mg/l to 0.05 mg/ml. Erythromycin was used as the reference 
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antibacterial agent while as 0.5% DMSO was used as vehicular control. The 
inoculums (100 μl) were added to all wells and the plates were incubated at 
34°C for 24 h. Antibacterial activity was detected by checking the visibility of 
growth. MIC was defined as the lowest concentration of extracts that inhibited 
visible growth, as indicated by the visual inspection. The bacterial suspensions 
were adjusted with sterile saline to a concentration of 1.0 × 10
5
 CFU/ml. The 
inocula were prepared daily and stored at 4°C until use. Dilutions of the inocula 
were cultured on solid medium to verify the absence of contamination and to 
check the validity of the inoculum. 
3.6.2b. Minimum Bactericidal Concentrations (MBC) 
MBC determination was done by aspirating 0.1 ml of the culture medium from 
each tube (in the macro-broth MIC assay for all extracts) showing no apparent 
growth and sub culturing it on fresh Muller Hinton Agar Plates. The latter was 
incubated for 37°C for 24 hours. The MBC was read as the least concentration 
showing no visible growth on Muller Hinton Agar sub culture. Using the values 
of MIC in micro broth dilution assay method, the MIC index values 
(MBC/MIC) for each extract and standard control drug were calculated against 
the test strains.  
3.7. Anti-oxidant activity 
For evaluation of antioxidant activity of all plant extracts (aerial part and root), 
different methods followed were as:  
3.7.1 DPPH assay 
The antioxidant activity of all plant extracts was measured with 1,1-diphenyl-2-
picryl hydrazyl radical (DPPH) spectrophotometrically at 517 nm (Parray et al., 
2011). The stock solution of plant extract (5mg/ml) was prepared by dissolving 
a known amount of dry extract in 10 % Aq. DMSO. The working solutions 
(50,100, 150, 200,250 and 300μg/ml) of the extracts were prepared from the 
stock solution using suitable dilution. A solution of 0.005% DPPH was also 
prepared in methanol. About 50μl of different concentrations was added to 
2.950 ml of DPPH solution. The scavenging activity was observed by bleaching 
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of DPPH solution from violet colour to light yellow. Ascorbic acid was used as 
control.  
% inhibition = {Ac-As/Ac} x 100 
Where ‘Ac’ is the absorbance of the controlled reaction and ‘As’ is absorbance 
of sample. 
3.7.2. Superoxide anion radical scavenging activity 
Measurement of superoxide anion scavenging activity of the all extracts based 
on the method described by Liu et al. (1997) with slight modification was 
carried out.  100µl riboflavin solution (20µg), 200µl EDTA solution (12mM), 
200µl methanol and 100µl nitro-blue tetrazolium (NBT) solution (0.1mg) were 
mixed in test tube and reaction mixture was diluted upto 3ml with phosphate 
buffer(50mM). The absorbance of solution was measured at 590nm using 
phosphate buffer as blank after illumination for 5 minutes. This is taken as 
control. Different concentrations (50 µl) i.e. 50µg, 100µg, 150µg, 200µg, 
250µg, 300µg of plant extracts were taken and diluted upto 150µl with 
methanol. To each of these add 100µl riboflavin, 200µl EDTA, 200µl methanol 
and 100µl NBT was mixed in test tube and further diluted upto 3ml with 
phosphate buffer. Absorbance was measured after illumination for 5 minutes at 
590nm. Decreased absorbance of the reaction mixture indicates increased super 
oxide anion scavenging activity. The % inhibition of super oxide anion 
generation was calculated using the following formula:  
SOD scavenged (%) = Ac-As/Ac x 100  
Where ‘Ac’ is the absorbance of the blank and ‘As’ is absorbance of sample. 
3.7.3. Hydroxyl scavenging activity-deoxyribose assay (Soobrattee et 
al., 2008) 
The colorimetric deoxyribose (TBARS) method was applied as the reference 
method of comparison for determining the hydroxyl radical scavenging activity 
of plant extracts. The reacting mixture for the deoxyribose assay contained in a 
final volume of 1ml of the following reagents: 200µl KH2PO4-KOH (100mM), 
200µl deoxyribose (15mM), 200µl ferric chloride(500µM), 100µl 
EDTA(1mM), 100µl Ascorbic acid (1mM), 100µl hydrogen peroxide (10mM), 
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and 100µl of Plant sample. Reaction mixtures were incubated at 37ºC for 1hour. 
At the end of the incubation period, 1ml of 1% (w/v) Thiobarbituric acid (TBA) 
was added to each mixture followed by the addition of 1ml of 2.8% (w/v) 
Trichloroacetic acid (TCA). The solutions were heated on a water-bath at 80ºC 
for 20 minutes to develop pink coloured Malonaldehyde-Thiobarbituric acid: 
MDA-TBA adduct, and the absorbance of the resulting solution (total volume = 
3ml) was measured at 532nm. 
% inhibition = Ac-As/Ac x 100 
Where ‘Ac’ is the absorbance of the controlled reaction and ‘As’ is absorbance 
of sample.  
3.7.4. Lipid per-oxidation Method (Padmaja et al., 2011) 
A modified thiobarbituric acid reactive species (TBARS) assay was used to 
measure the lipid peroxide formed using the egg yolk homogenate as lipid rich 
media. Malonaldehyde, a secondary end-product of oxidation of 
polyunsaturated fatty acids reacts with two molecules of thiobarbituric acid 
(TBA) yielding a pinkish red chromogen with absorbance maximum at 532nm. 
Egg homogenate (0.5ml of 10%v/v) and 0.1ml of plant extracts were added to a 
test tube and made upto 1ml with distilled water and peroxidation was induced 
by adding 0.05ml of 0.07M FeSO4. The reaction mixture was vortexed and then 
heated at 95ºC for 60minutes. After cooling 5ml of butanol was added to each 
tube and centrifuged at 3000rpm for 10minutes. The absorbance of the upper 
organic layer was measured at 532nm. The percentage of inhibition was 
calculated by the formula: 
  %age inhibition = Ac –As/Ac x 100 
Where ‘Ac’ is the absorbance of the controlled reaction and ‘As’ is absorbance 
of sample.  
3.8. Statistical Analysis 
The results are represented as mean of three replicates followed by standard 
deviation i.e. Mean ± SD. 
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ver the years, the study on medicinal plants to reveal the mechanism 
of action and to justify their claims by traditional healers, has been 
increased. An angle of this research has been the study of bioactive 
components and antimicrobial or antioxidant properties of the Arnebia 
benthamii. The present study has verified that remedial plants could be good 
source of antimicrobial and antioxidant substances. 
4.1. Phytochemical screening 
Different methods were followed to determine qualitatively the presence of 
phytochemical constituents present in the plant extracts. The percentage yield 
of crude extracts of A. benthamii parts as obtained by soxhlet extraction 
process and their morphological characteristics are shown in Table 1. The 
amount of crude extracts varied among different solvents as well as the parts 
used. Under present study, aqueous (Aq) extracts of both the aerial part (AP) 
O 
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and root parts (RP) showed maximum yield with the former having highest of 
5.6% yield followed by methanol extract of aerial part (4.1%). 
 The qualitative phyto-chemical screening of crude extracts of A. benthamii 
revealed that alkaloids and flavanoids were present in pet ether (Pt), chloroform 
(C) and methanol (MeOH) extracts of both AP and RP. The Phenolic 
substances were absent in Aq. extracts while as saponins and tannins were 
absent in both the RP & AP extracts. Glycosides were present in Pt, C, EA, and 
Eth extracts of AP while as in RP it shows its presence in Pt and C extracts 
only. Anthroquinones were absent in maximum of the plant extracts however 
showed its presence in PE and MeOH extracts. Terpenoids were present in all 
the solvent extracts of RP except Eth and Aq. while in AP they were found in 
only Pt, C, and Aq. extracts (Table 2 and 3; Pl. I). 
The results obtained in the present study revealed that the level of total 
phenolic (TP) content in the plant extracts of both the AP and RP extracts were 
considerable. Fig. 1 shows the total phenolic (TP) content that was measured 
by Folin Ciocalteau reagent in terms of gallic acid equivalent (standard curve 
equation: y = 0.007x + 0.178, r2 = 0.991). On an avg. the AP extracts showed 
higher levels of TP content than the RP extracts. The TP content varied in the 
different extracts and ranged from 75 to 200 µg GAE/mg DW in AP extracts 
while as its value ranged between 55 to 210 µg GAE /mgDW in RP extracts. 
Among the AP extracts, the highest TP content was found in methanol extract 
(200 µg GAE mg
–1
 DW) followed by PE (145 µg GAE mg
–1
 DW) while as in 
RP extracts, the highest TP content was also found in MeOH extract i.e. 200 µg 
GAE mg
–1
 DW (Fig. 2) (Pl. I). 
4.2. Antimicrobial activity 
Plant based antimicrobial compounds have enormous therapeutical potential as 
they can serve the purpose without any side effects that are often associated 
with synthetic antimicrobials. Different solvent extracts of aerial and root parts 
of A. benthamii were tested for antimicrobial (antibacterial and antifungal) 
activity against pathogenic microorganisms using the disc diffusion method 
and broth dilution assay. The results revealed that the both the plant part 
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extracts exhibited variable antimicrobial activity against the tested 
microorganisms. 
4.2.1 Antibacterial Activity 
The result showed that the plant extracts exhibited significant antimicrobial 
activity. Comparative analysis reveals that the MeOH extract of AP were found 
to exhibit highest antibacterial activities against all tested bacterial strains 
except S. aureus which was found resistant. The highest Inhibition zone 
diameter (IZD) (30±0.54) was recorded on P. aureginosa and E. coli w.r.t. 
control i.e. Gentamycin (16 & 21mm) respectively. S. typhimurium was also 
found susceptible towards the methanol extract with IZD of 28±0.93mm 
(Table 4). After MeOH extract, the highest IZD (25mm) was recorded for Pt 
against E. coli w.r.t. control used followed by P. aureginosa (IZD 20mm) 
against Pt extract. C extract showed significant inhibitory activity against all 
the tested bacterial strains. E. coli (22 mm) was found to be more susceptible 
followed by K. pnuemonie (20 mm), and P. aureginosa (17mm). The 
chloroform extract also showed inhibitory activity against S. aureus (10 mm) 
w.r.t. Gentamycin (23mm). The EA extract showed least inhibitory activity 
against E. coli and no activity against S. typhimurium however the highest IZD 
(15mm) of EA extract was recorded for S. flexnerii and K. pnuemonie. All the 
strains except P. aureginosa were found resistant against both B and Eth 
extracts. The IZD (19 mm) and (12 mm) were recorded for Eth and B extract 
against P. aureginosa w. r. t. control used. The Aq. extract was completely 
ineffective against the tested bacterial strains (Pl. II). 
The antibacterial results revealed that methanolic extracts of aerial parts 
were found to exhibit significant antibacterial activities against all tested 
bacterial strains except S. aureus which was found resistant. The highest IZD 
(30±0.54) was recorded on P. aureginosa and E. coli w.r.t. control i.e. 
Gentamycin (16 mm) and Gentamycin (21mm). S. typhimurium was also found 
susceptible towards the methanolic extract with IZD of 28±0.93mm (Table. 4; 
Fig. 3-8). After methanolic extract, the highest IZD (25mm) was recorded for 
pet ether against E. coli w.r.t. control used followed by P. aureginosa with IZD 
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of 20 mm against pet ether extract. Chloroform extract showed significant 
inhibitory activity against all the tested bacterial strains. E. coli (22mm) was 
found to be more susceptible followed by K. pnuemonie (20 mm), and P. 
aureoginosa (17mm). The chloroform extract also showed inhibitory activity 
against S. aureus (10 mm) w.r.t. Gentamycin (23mm). The ethyl acetate extract 
showed least inhibitory activity against E. coli and no activity against S. 
typhimurium however the highest IZD (15mm) of Ethyl acetate extract was 
recorded for S. flexnerii and K. pneumonia. All the strains except P. aureginosa 
were found resistant against both butanolic and ethanolic extracts. The IZD (19 
mm) and (12 mm) was recorded for ethanolic and butanolic extract against P. 
aureginosa w.r.t. control used. The aqueous extract didn’t show any significant 
activity against the tested bacterial strains (Pl. II). 
The RP extracts were separately tested for antibacterial activity against 
pathogenic strains (Table 5) and it was obvious from the results that RP 
extracts were less active than AP extracts (Fig. 3-8). The roots of Arnebia 
species have many reported to display various biological activities like 
antimicrobial, anti-inflammatory etc. Amongst the strains tested, S. aureus was 
found susceptible to C, EA and MeOH extracts only with an average IZD (10 
mm) w.r.t. control and other RP extracts were ineffective against S. aureus 
showed no activity and our results are in line with the findings of Chien-Chang 
et al. (2000) who reported the stronger antimicrobial activity of derivatives 
shikonin and alkannin of A. euchroma against methicillin-resistant S. aureus 
(MRSA) and vancomycin resistant enterococci (VRE). The S. flexneri was 
found susceptible to all the RP extracts with highest IZD was recorded for 
MeOH (20mm) followed by Eth (15 mm) extracts w.r.t. the control used i.e. 
Erythromicin (30 mm) used. K. pneumonia was found resistant towards C, B, 
Eth and Aq. extracts. However only Pt extract exhibited good inhibitory 
activity with IZD (15mm) compared to the control (Gentamycin 15mm) (Pl. 
III). 
The RP extracts were found least effective towards P. aueroginosa and among 
all the extracts, only MeOH and C extracts with avg. IZD (12 mm) showed 
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inhibitory activity w.r.t. the control used. Among all the strains, E. coli was 
highly susceptible towards the root extracts but maximum IZD (25 mm) was 
recorded for MeOH extract followed by C extract (21 mm) and EA (16 mm) 
and rest of the extracts didn’t exhibit any inhibitory activity. Most of the RP 
extracts exhibit highest antibacterial activity against S. typhimurium compared 
to AP extracts. The highest inhibitory activity IZD (17mm) was shown by EA 
followed by MeOH (12 mm) and C (12mm) extracts compared to the 
Streptomycin (29 mm) (Pl. III). 
4.2.2. Antifungal activity 
All the fungal strains except C. parapsilosis were more or less inhibited by 
both AP & RP extracts of the plant. However, the Aq. extract of both RP & AP 
did not show any antifungal activity. Among the fungal strains tested, A. flavus  
was found highly susceptible to B extract of AP with IZD (25mm) followed by 
EA extract (22 mm) and C extract (14 mm) compared to the control (Nystatin 
35mm) used. The MeOH extract of AP showed highest inhibitory activity 
against A. versicolor with IZD (22 mm) and Acremonium spp. (25 mm). The C 
and EA extract also to some extent exhibited inhibitory activity against A.flavus 
and Acremonium spp. The PT, EA and C extracts of AP didn’t exhibit any 
inhibitory activity against Candida spp. Only MeOH extract followed by Eth 
and B extract exhibited antifungal activity against Candida sps. Among the 
Candida spp., the highest IZD (14 mm) of MeOH extract was reported against 
C. albicans and C. parapsalosis was found completely resistant against the all 
AP extracts (Table 6; Pl. IV). 
The Eth and Aq. extracts of RP didn’t exhibit any inhibitory activity against the 
tested fungal strains. Surprisingly the EA extract showed highest IZD (33mm) 
against C. albicans followed by Acremonium spp. (18mm).The MeOH extract 
RP showed to some extent good inhibitory activity with an average IZD (12 
mm) against A. versicolor, C. albicans and C. kruesie w.r.t. control used. Pt 
extract of RP extract also showed more or less some antifungal activity against 
some fungal strains i.e. Acremonium spp. (14mm) and C. albicans (10 mm), 
similarly C extract of RP exhibited antifungal activity against C. albicans with 
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IZD (11 mm) and B extract showed inhibitory activity against C. kruesie 
(11mm) (Table 7; Fig. 9-13; Pl. V). 
4.2.3. MIC and MBC determination 
The antibacterial screening served as an indication of the selection of bacterial 
strains that displayed antibacterial activity for further testing to determine the 
MIC and MBC of plant extracts. The MIC value was defined as the lowest 
concentration that completely inhibited the growth and was determined by 
visual observation. Four bacterial strains S. flexnerii, K. pneumonia, E. coli and 
P. aeruginosa were found viable for testing with the specific plant extracts. The 
MIC and MBC was determined through broth dilution method against the 
specific bacterial strains. Erythromycin was used as positive control in all 
experiments and its value was found low in each strains tested as compared 
with plant extracts tested while as 10 % Aq. DMSO was taken as negative 
control and was found ineffective against all the strains tested.As for as MIC is 
concerned, MeOH extracts of AP and RP inhibits all the strains at low 
concentrations than the any other extract. S. flexnerii was inhibited by the low 
concentration of MeOH extract of AP with MIC and MBC value of 200µg/ml 
and 300µg/ml respectively followed by C extract of AP, with MIC/MBC value 
of 300/500 µg/ml respectively. The majority of the RP extracts did not exhibit 
any inhibitory activity except the Eth extract showing MIC 400 µg/ml and 
MBC 750µg/ml.  
Among all the plant extracts tested, the lowest inhibitory concentration was 
exhibited by C extract of AP with MIC value 200µg/ml and MBC 500 µg/ml 
followed by MEOH extract of AP against K. pnuemonia (Table 8). However 
the RP extracts showed comparatively higher value of MIC and MBC against 
the K. pnuemonia ranging from 500-750µg/ml compared to the control i.e. 200- 
300 µg/ml. The C and Eth extracts of RP were found ineffective (Table 8). 
The lowest inhibitory concentration against E. coli was observed for MeOH 
extract of AP with MIC & MBC value of 200 and 300 µg/ml respectively. 
Among all the tested strains, P. aureoginosa was found highly susceptible 
towards all MeOH extract of AP with MIC and MBC value of 75 and 100 
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µg/ml compared to the Erythromycin (MIC/MBC:300/750 µg/ml). However 
the RP extracts were found resistant towards the P.aueroginosa (Table 8). 
4.3. Antioxidant activity 
To obtain information about the mechanisms of the anti-oxidative effects of the 
extracts, four in-vitro tests, the DPPH radical scavenging action, riboflavin 
photooxidation method, hydroxyl scavenging and the lipid peroxidation assay 
were used to assess the antioxidant properties of plant extracts of A. benthamii. 
Together all the methods provide a better assessment of antioxidant properties 
and results revealed that inhibitory activity was concentration dependent. The 
concentration range of 50-300 μg/ml of plant extracts as well as for control 
(Ascorbic acid and BHT) was used in all antioxidant methods. Besides 10 % 
Aq. DMSO was used as negative control in all experiments. 
Free radical scavenging potential of AP and RP extracts at different 
concentrations was tested by the DPPH method. Antioxidant reacts with DPPH, 
which is a stable free radical, and converts it to 1, 1-diphenyl-2- picryl-
hydrazine. Table 9 illustrates the general free radical scavenging assay of both 
AP and RP extracts of A. benthamii and highest inhibition of 86% and 94% 
was recorded for both MeOH extracts of AP as well as RP w.r.t. control 
(Ascorbic acid) showing 90%inhibition at higher concentration (300 μg/ml). 
The EA and C extracts of AP also exhibited good scavenging activity with 60% 
and 63 % inhibition while Aq. extract of AP didn’t exhibit any scavenging 
activity. All the RP extracts except the Eth extract showed good scavenging 
activity at higher concentration tested. The highest scavenging of 94% activity 
was observed for MeOH extract of RP followed by C & B extracts showing 
about 70 % inhibitory activity compared to the reference i.e. Ascorbic acid 
(Fig. 14). 
From the above findings it is clear that root part extracts are good prospects for 
antioxidant substances supported from the literature where it has been 
mentioned about the presence of antioxidant substances like shikonin derived 
from roots of the Arnebia species. 
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The superoxide radicals were generated by illuminating a solution containing 
riboflavin. Among the AP extracts the maximum superoxide radical scavenging 
activity was observed by B extract showing about 85%inhibition followed by 
EA and MeOH with 79%and 70 % inhibitory activity while as Pt, Eth and Aq 
extracts didn’t exhibit any scavenging activity. The RP extracts were found to 
be more effective in scavenging the superoxide radicals (Fig. 15). The BT 
extract  showed considerable 91% scavenging activity followed by MeoH & 
Aq extracts exerting about 88% and 79% inhibition respectively w.r.t. 
reference(ascorbic acid) of 94% activity at higher concentration of 300 µg/ml 
(Table 10). 
Hydroxyl radical is an extremely reactive species formed in biological systems. 
This radical has the capacity to join nucleotides in DNA and cause strand 
breakage, which contributes to carcinogenesis, mutagenesis and cytotoxicity. 
The OH is known to cause DNA damage by degradation of deoxyribose 
moiety. The effect of different solvent fractions on degradation of deoxyribose 
by generation of OH radicals through Fenton’s reaction is shown in Table 11. 
Among the AP extracts, MeOH extract showed highest protecting effect of 
85% followed by EA extract of 80% inhibition w.r.t. the natural antioxidant i.e. 
BHT exhibiting 94% inhibitory activity at the concentration of 300 µg/ml. 
However, RP extracts exhibited comparatively significant inhibitory activity 
and again MeOH extract followed by EA extract showed 86 % and 83% 
inhibition respectively. The C and Aq. extracts of RP were found in active (Fig. 
16). 
Ferrous iron can initiate lipid peroxidation by the Fenton reaction as well as 
accelerating peroxidation by decomposing lipid hydroperoxides into peroxyl 
and alkoxyl radicals. The inhibition of FeSO4 induced lipid peroxidation was 
high in presence of positive control (ascorbic acid 95.78±1.0%) compared to 
the plant extracts of A. benthamii. The EA and MeOH extracts of AP showed 
considerable inhibitory activity of 95% and 75% respectively and among the 
RP extracts, EA followed by Eth extract showed 87% and 78% inhibition 
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respectively compared to the ascorbic acid used as reference (Table 12; Fig. 
17). 
Our study showed that the plant extracts form a strong hydroxyl radical, 
scavenging DPPH and superoxide anion and inhibition of yolk lipid 
peroxidation in a dose-dependent manner.The results obtained in all antioxidant 
assays showed statistically significant difference between the MeOH and EA 
extracts. Total phenolic content of the extracts showed significant and strong 
positive correlation with free radical (DPPH and OH
.
) scavenging efficiency. 
However it is pertinent to mention here that besides the polyphenols some other 
substances that are present in crude extracts of A. benthami may be responsible 
for exhibiting moderate antioxidant activities. 
The results of this investigation, which determined the radical scavenging and 
antioxidant activity of different extracts of A. benthami, demonstrates that these 
might be proposed as a dietary supplements or traditional drug for the 
prevention and/or treatment of conditions that occur due to oxidative damage 
and can protect DNA damage by hydroxyl radical. Detailed work needs to be 
undertaken to investigate the purified compounds of this extract with the potent 
antioxidant activity and antimicrobial potential. 
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Table 1. Extraction yield and macroscopic characteristics of the crude extracts of 
aerial part (AP) and root part (RP) of Arnebia benthamii L
*
 
Specimens Parts used Colour Odour Extract Yield (g) 
Pet ether 
 
 
 
 
 
 
 
 
 
Aerial 
Part 
 
 
Light Green Characteristic 1.2 
Ethyl acetate Deep Green Characteristic 3.2 
Chloroform Deep Green Characteristic 0.8 
Butanol Light Green Characteristic 0.6 
Methanol 
Brownish 
Green 
Characteristic 4.1 
Ethanol Light Green Characteristic 1.0 
Aqueous 
Dark 
Brown 
Characteristic 5.6 
Pet ether 
 
 
 
Root 
Part 
Reddish Characteristic 1.7 
Ethyl acetate Brownish 
red 
Characteristic 2.8 
Chloroform Reddish Characteristic 0.6 
Butanol Dark red Characteristic 1.2 
Methanol Brownish Characteristic 2.9 
Ethanol 
Light 
brown 
Characteristic 0.45 
Aqueous 
Dark 
brown 
Characteristic 4.9 
*Initial weight of dried powder of each part was 50 g.  
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Table 2. Qualitative analysis for various secondary metabolites in aerial part (AP) 
extracts of A. benthamii L 
(+) = present; (-) = Absent; Pt=Petroleum ether, EA=Ethyl acetate, C=Chloroform, B= Butanol, 
Eth=Ethanol, M=Methanol, Aq=Aqueous.  
 
Table 3. Qualitative analysis for various secondary metabolites in root part (RP) 
extracts of A. benthamii L 
(+) = present; (-) = absent; Pt=Petroleum ether, EA=Ethyl acetate, C=Chloroform, B=Butanol, 
Eth=Ethanol, M=Methanol, Aq=Aqueous. 
 
Phytochemical     
constituents  
Pt  EA  C  B  M  Eth  Aq 
Alkaloids  +  +  +   
Glycosides  + + +   +  
Anthroquinones + +   + +  
Saponins        
Tannins         
Flavonoids  + +   +   
Terpenoids +  +    + 
Phenolic compounds  + + + + + +  
Compounds Pt EA C B M Eth Aq 
Alkaloids  +  +  +   
Glycosides  +  +     
Anthroquinones +   + +   
Saponins        
Tannins        
Flavonoids +   + + +  
Terpenoids + + + + +   
Phenolic compounds + + + + + +  
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Table 4. Antibacterial activity of different solvent extracts of aerial parts (250µg/ml) of 
Arnebia benthamii L
* 
*
Values are represented as Mean ± SD, All experiments were repeated thrice; Pt=Petroleum ether, EA= 
Ethyl acetate, C=Chloroform, B= Butanol, Eth=Ethanol, M=Methanol, Aq=Aqueous, Ab=antibiotic, Gt= 
Gentamicin, S==Streptomycin, E=Erythromycin. 10 % Aq. DMSO was used as negative control and was 
found resistant in all strains. 
 
 
 
 
 
 
Bacterial 
Strains 
Pt EA C B Eth M Aq Ab 
Staphylococus 
aureus 
0 12±1.3 10±1.5 0 0 0 0 23 ± .2 
(Gt) 
Shigella 
flexneri 
12±0.9 15±1.4 12±1.2 0 0 23±1.2 8±0.13 
30±0.3 (E) 
Klebsiella 
pneumoniae 
12±0.9 15±1.0 20±1.0 0 0 20±0.6 8±0.43 15±0.5 
(GT) 
Psuedomonas
aeruginosa 
20±0.8 10±0.8 17±1.6 12±0.9 19±0.8 30±0.5 8±0.53 16±0.4 
(GT) 
Escherchia 
coli 
25±1.2 8±0.5 22±1.8 0 12±0.6 30±0.8 0 21±0.2 
(GT) 
Salmonella 
typhimurium 
0 0 12±2.0 0 8±1.23 28±.93 0 29±.11 
(S) 
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Table 5. Antibacterial activity of different solvents of root part (RP) extracts (250 
µg/ml) of A. benthamii L
*
 
Bacterial 
Strains 
Pt EA C B Eth M Aq Ab 
Staphylococus 
aureus 
0 10±1.2 10±0.09 0 0 8±0.98 0 23±.11 
(Gt) 
Shigella 
flexneri 
15±1.0 8±1.11 15±.08 8±.01 15±.1 20±.12 0 30±.10 
(E) 
Klebsiella 
pneumoniae 
15±.34 13±1.09 0 0 0 13±.65 0 15±.09 
(GT) 
Psuedomonasa
eruginosa 
0 9±1.08 12±.07 0 0 12±.46 0 16±.08 
(GT) 
Escherchia coli 
8 ±.56 16±0.45 21±.05 0 0 25±.15 0 21±.13 
(GT) 
Salmonella 
typhimurium 
10±.65 17±0.08 12±.04 0 0 12±.34 10±1.2 29±.18 
(S) 
*
Values are represented as Mean ± SD, All experiments were repeated thrice; Pt=Petroleum ether, EA= Ethyl 
acetate, C=Chloroform, B= Butanol, Eth=Ethanol, M=Methanol, Aq= Aqueous, Ab=antibiotic, Gt= 
Gentamicin, S==Streptomycin, E=Erythromycin. NA= No activity. 10 % Aq. DMSO was used as negative 
control and was found resistant in all strains. 
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Table 6. Antifungal activity of different solvent extracts (400 µg/ml) of Aerial parts 
(AP) of A. benthamii L
*
 
Strains Pt EA C B Eth M Aq N 
Aspergillus 
flavus 
9±1.0 22±1.0 14±.5 25±.09 0 15± 0.1 0 35±0.08 
Aspergillus 
versicolor 
11±1.1 11±1.0 12±.98 0 0 22±0.9 0 20±0.9 
Acremonium 
spp 
0 12±.98 17±.1 12±.20 16±.32 25±.15 0 30±0.09 
Candida 
albicans 
0 11±.68 9±.89 10±.08 10±.05 14±1.0 0 20±1.0 
Candida 
kruesie 
0 0 0 15±1.0 0 13±1.3 0 20±0.2 
Candida 
parapsilosis 
0 0 0 0 0 0 0 20±0.3 
*Values are represented as Mean ± SD, All experiments were repeated thrice; Pt=Petroleum ether, 
EA= Ethylacetate, C= Chloroform, B= Butanol, Eth=Ethanol, M=Methanol, Aq=Aqueous, 
N=Nystatin. 10 % Aq. DMSO was used as negative control and was found resistant in all strains.  
 
 
 
 
Results 2012 
 
63  
 
Table 7. Antifungal activity of different solvent extracts (400µg/ml) of Root (RP) 
extracts of A. benthamii L
*
 
Strains Pt EA C B Eth M Aq N 
Aspergillus 
flavus 
9±0.23 8±0.54 0 0 0 0 0 35±0.09 
Aspergillus 
versicolor 
0 0 0 8±0.4 0 12±.23 
0 20±0.03 
Acremonium 
spp 
17±.12 8±0.10 0 
0 
0 0 
13±.2 30±0.1 
Candida 
albicans 
10±.33 33±.43 11±.1 0 0 13±.17 0 27±0.32 
Candida 
kruesie 
0 0 0 11±.9 0 13±.07 0 20±0.13 
Candida 
parapsilosis 
0 0 0 0 0 0 0 20±0.33 
*Values are represented as Mean ± SD, All experiments were repeated thrice; Pt =Petroleum ether, 
EA= Ethylacetate, C=Chloroform, B= Butanol, Eth=Ethanol, M=Methanol, Aq =Aqueous, 
N=Nystatin, 10 % Aq. DMSO was used as negative control and was found resistant in all strains.  
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Table 8. MIC and MBC of aerial and root part extracts of A. benthamii L. against 
tested bacterial strains 
Strains  Parts  
Used 
Values 
(µg/ml) 
Tested substances
**
 
 
Pt EA C Eth M   E 
 
 
 
Shigella 
flexnerii 
 
 
AP 
MIC 
MBC 
MIC index 
750 
1000 
1.33 
300 
500 
1.66 
500 
750 
1.5 
ND 
ND 
ND 
200 
300 
1.5 
75 
100 
1.35 
 
RP 
MIC 
MBC 
MIC index 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
400 
750 
1.87 
300 
500 
1.66 
 
 
Klebsella 
pneumoniae 
 
AP 
MIC 
MBC 
MIC index 
500 
750 
1.5 
300 
600 
2.0 
200 
500 
2.5 
ND 
ND 
ND 
300 
600 
2.0 
200 
300 
1.5 
  
RP 
MIC 
MBC 
MIC index 
500 
ND 
1.93 
500 
750 
1.5 
ND 
ND 
ND 
ND 
ND 
ND 
500 
750 
1.5 
 
 
Escherchia 
 coli 
 
 
AP 
 
MIC 
MBC 
MIC index 
300 
500 
1.66 
ND 
ND 
ND 
400 
750 
1.87 
500 
1250 
2.5 
200 
300 
1.53 
200 
300 
1.5 
  
RP 
MIC 
MBC 
MIC index 
ND 
ND 
ND 
400 
750 
1.5 
300 
1000 
3.33 
ND 
ND 
ND 
400 
500 
1.25 
 
 
Psuedomonas 
aueroginosa 
 
AP 
 
MIC 
MBC 
MIC index 
400 
750 
1.87 
ND 
ND 
ND 
425 
ND 
ND 
300 
750 
2.5 
75 
100 
1.33 
300 
750 
2.5 
  
RP 
MIC 
MBC 
MIC index 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
RP=root part; AP= aerial part; Pt= pet ether; C=chloroform; EA=ethyl acetate; Eth=ethanol; 
M=methanol; E=Erythromycin. MIC index=MBC/MIC, ND=Not detected within the range tested 
MIC index = ≤4 (bactericidal) and = ≥4 (bacteriostatic) 
{
**
Concentrations range=1250, 1000, 750, 500, 400, 300, 200, 100, 75 µg/ml} 
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Table 9. Radical Scavenging activities of extracts of AP & RP extracts of A. benthamii  
L. as measured by DPPH method at different concentrations* 
Parts 
used 
Exts. 
% scavenging activity 
50 
µg/ml 
100 
µg/ml 
150 
µg/ml 
200 
µg/ml 
250 
µg/ml 
300 
µg/ml 
 
 
 
 
AP 
 
 
EA 30±.12 34±.32 46±0.3 49±0.46 55±0.14 60±0.12 
Pt 20±.33 23±.43 29±.46 32±.87 38±.65 44±.54 
C 45±1.4 47±1.0 53±1.9 59±1.3 62±2.0 63±2.6 
B 20±.43 28±.58 32±.67 38±.59 45±0.1 49±1.2 
Eth 21±1.2 25±1.4 33±2.0 39±2.7 45±2.9 52±3.0 
M 50±2.5 55±2.4 69±2.0 73±1.8 80±3.0 86±2.9 
Aq 0 0 0 0 0 0 
 
 
RP 
EA 35±1.2 37±1 44±1.3 52±1.5 60±1.9 65±1.7 
Pt 34±0.8 40±0.9 48±0.6 55±0.87 60±0.5 63±0.54 
C 49±1.4 53±1.0 56±2.0 59±2.32 64±2.80 69±3.10 
B 35±0.2 41±.27 49±0.3 55±0.34 62±0.43 70±0.5 
Eth 0 0 0 0 0 0 
M 65±2 8±2.1 80±2.0 85±1.5 90±1.4 94±2 
Aq 38±.9 40±1 45±1.3 52±1.6 55±0.8 60±1.0 
Control Aa 55±1.3 61±1.1 67±1.0 74±1.3 82±0.9 90±1.3 
*Values are represented as Mean ± SD, All experiments were repeated thrice; AP = aerial part; RP= 
root part; Pt=Petroleum ether, EA=Ethyl acetate, C=Chloroform, B= Butanol, Eth=Ethanol, 
M=Methanol, Aq=Aqueous, Aa= ascorbic acid; Exts. = Extracts; 10 % Aq. DMSO was used as 
negative control in all treatments.   
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Table 10. Superoxide dismutase (SOD) activity of extracts of aerial & root parts of A. 
benthamii measured by riboflavin photo-oxidation method at different 
concentrations presented as % of inhibition rate. 
Parts 
used 
Exts. % scavenging activity 
50 
µg/ml 
100 
µg/ml 
150 
µg/ml 
200 
µg/ml 
250  
µg/ml 
300  
µg/ml 
 
 
 
 
AP 
 
 
      EA 55±1.2 59±1.3 64±1.6 70±1.8 73±2.0 79±1.0 
Pt 0 0 0 0 0 0 
C 35±.32 44±0.34 51±0.45 56±0.67 62±0.74 66±0.23 
B 55±.02 61±0.09 69±0.1 73±0.13 78±0.14 85±0.17 
Eth 0 0 0 0 0 0 
M 54±1.4 58±1.0 62±1.0 66±1.65 68±1.89 70±1.34 
Aq 0 0 0 0 0 0 
 
 
RP 
EA 25±0.9 29±0.78 34±0.39 40±1.09 45±0.98 49±0.76 
Pt 30±1.3 33±1.76 39±1.34 44±1.53 49±1.76 54±1.33 
C 15±.32 19±0.34 25±0.45 30±0.67 34±0.74 38±0.23 
B 60±.09 68±.089 75±0.1 80±0.32 86±0.43 91±0.43 
Eth 0 0 0 0 0 0 
M 58±1.3 64±2.3 70±2.0 75±1.65 82±2.54 88±1.09 
Aq 58±.87 64±0.64 69±0.34 73±0.54 75±0.76 79±0.35 
Control Aa 65±1.4 70±1.09 79±1.9 84±1.76 90±1.54 94±1.33 
 *Values are represented as Mean ± SD, All experiments were repeated thrice; AP = aerial part; RP  
= root part; Pt =Petroleum ether, EA =Ethyl acetate, C =Chloroform, B =Butanol, Eth =Ethanol, 
M=Methanol, Aq=Aqueous, Exts=Extracts, Ascorbic acid=Aa, 
 10 % Aq. DMSO was used as negative control in all treatments. 
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Table 11. DNA Damage assay of extracts of aerial/root parts of A. benthamii measured 
by Hydroxyl scavenging method at different concentrations presented as 
% of inhibition rate. 
Parts 
used 
Exts. % inhibition activity 
50 
µg/ml 
100 
µg/ml 
150 
µg/ml 
200 
µg/ml 
250 
µg/ml 
300 
 µg/ml 
 
 
 
 
AP 
 
 
EA 50±1.0  60±1.43  63±1.33  69±1.91  74±2.0  80±1.48  
Pt 0 25±0.09  31±0.08  35±0.04  39±0.03  42±0.1  
C 28±0.66  33±0.34  35±0.45  48±0.22  52±0.74  60±0.87  
B 0 0 29±0.17  32±0.23  39±0.73  45±0.19  
Eth 0 0 0 0 0 0 
M 51±2.1  57±1.4  66±0.12  72±1.65  77±1.89  85±1.0  
Aq 0 0 32±2.43  40±.20 49±2.1  55±2.43  
 
 
RP 
EA 49±0.54  54±0.34  60±0.33  66±0.2  75±0.65  83±0.98  
Pt 0 26±0.42  29±0.28  31±0.61  35±0.55  40±0.1  
C 25±0.12  27±0.12 31±0.12  36±0.12  50±0.12  54±0.12  
B 33±0.02  37±0.09  42±0.1  48±0.13  53±0.14  59±0.17  
Eth 0 0 0 0 0 0 
M 50±1.4  56±1.0  64±1.12  70±1.65  77±1.89  86±1.34  
Aq 0 0 0 0 0 0 
Control BHT 65±1.33  70±1.23  76±1.54  83±1.7  89±1.2  95±1.0  
*Values are represented as Mean ± SD, All experiments were repeated thrice; AP = aerial part; RP= 
root part; Pt=Petroleum ether, EA=Ethyl acetate, C=Chloroform, B=Butanol, Eth=Ethanol, 
M=Methanol, Aq=Aqueous, Exts. = Extracts, BHT=Butylated hydroxyToluene, 10 % Aq. DMSO 
was used as negative control in all treatments. 
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Table 12. Lipid peroxidation assay of extracts of aerial/root parts of A. benthamii 
measured by TBAS method at different concentrations presented as % 
inhibition rate. 
Parts 
used 
Exts. 
% inhibition activity 
50 
µg/ml 
100 
µg/ml 
150 
µg/ml 
200 
µg/ml 
250 
µg/ml 
300 
µg/ml 
 
 
 
 
AP 
 
 
EA 70±1.2 75±1.3 81±1.6 86±1.8 91±2.0 95±1.0 
Pt 43±1.3 46±1.3 52±1.1 57±1.76 62±1.9 65±1.0 
C 0 0 0 0 0 0 
B 33±0.02 40±0.09 48±0.10 55±0.13 58±0.14 63±0.17 
Eth 45 55 60 65 69 70 
M 45±1.4 53±1.0 59±1.0 63±1.65 69±1.89 72±1.34 
Aq 0 0 0 0 0 0 
 
 
RP 
EA 60±1.2 71±1.3 81±1.6 83±1.8 86±2.0 87±1.0 
Pt 51±1.9 54±2.0 59±2.14 63±2.32 67±2.54 71±2.98 
C 0 0 0 0 0 0 
B 48±0.02 57±0.09 60±0.1 64±0.13 66±0.14 70±0.17 
Eth 57±0.13 59±0.15 62±0.32 64±0.65 70±0.14 78±0.33 
M 53±1.4 57±1.0 59±1.0 63±1.65 65±1.89 71±1.34 
Aq 33±0.43 40±0.23 49±0.13 54±0.11 58±0.19 60±0.09 
Control Aa 70±1.33 77±1.23 85±1.54 91±1.7 95±1.2 98±1.0 
*Values are represented as Mean ± SD, All experiments were repeated thrice; AP = aerial part; RP= 
root part; Pt=Petroleum ether, EA=Ethyl acetate, C=Chloroform, B= Butanol, Eth= Ethanol, 
M=Methanol, Aq=Aqueous, Exts= Extracts, Aa= Ascorbic acid, 10 % Aq. DMSO was used as 
negative control in all treatments. 
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  Fig. 1. Standard Gallic acid curve for estimating (TP) Total phenolic content Gallic 
Acid EQ (µg/mg). 
 
 
Fig. 2. Total Phenolic (TP) Content of Aerial parts (AP) and Root part (RP) 
extracts of A. benthamii L.  
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Fig. 3. Comparative analysis of antibacterial activity of aerial and root part extracts of  
A. benthamii L. against Shigella flexnerii. 
 
 
Fig. 4. Comparative analysis of antibacterial activity of aerial and root part extracts of  
A. benthamii L. against Staphylococus aureus. 
 
Fig. 5. Comparative analysis of antibacterial activity of aerial and root part extracts of  
A. benthamii L. against Psuedomonas aeruginosa. 
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Fig. 6. Comparative analysis of antibacterial activity of aerial and root part extracts of  
A. benthamii L. against Escherchia coli. 
 
Fig.7. Comparative analysis of antibacterial activity of aerial and root part extracts of  
A. benthamii L. against Klebsiella pneumonia. 
 
Fig. 8. Comparative analysis of antibacterial activity of aerial and root part extracts of  
A. benthamii L. against Salmonella typhimurium. 
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Fig. 9. Comparative analysis of antifungal activity of aerial and root part extracts of  
A. benthamii L. against Asperigillus flavus. 
 
 
Fig. 10. Comparative analysis of antifungal activity of aerial and root part extracts of 
A. benthamii L. against Acremonium spp. 
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Fig. 11. Comparative analysis of antifungal activity of aerial and root part extracts 
of A. benthamii L. against Candida albicans. 
 
 
Fig. 12. Comparative analysis of antifungal activity of aerial and root part extracts 
of A. benthamii L. against Candida kruesie 
 
Fig. 13. Comparative analysis of antifungal activity of aerial and root part extracts 
of A. benthamii L. against Aspergilus versicolor. 
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Fig. 14. Comparative analysis of radical Scavenging activities of extracts of aerial 
and root parts of A. benthamii w.r.t. control as measured by DPPH method 
at higher concentrations (300µg) presented as % of inhibition rate. 
 
Fig. 15. Comparative analysis of antioxidant activity of extracts of aerial and root 
part extracts of A. benthamii w.r.t. control measured by superoxide 
dismutase (SOD) assay method at higher concentrations (300µg) are 
presented as % of inhibition rate. 
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Fig. 16. Comparative analysis of DNA Damage assay of extracts of aerial and root 
part extracts of A. benthamii w. r. t. control measured by Hydroxyl 
scavenging method at higher concentrations (300µg) are presented as % 
inhibition rate. 
 
Fig. 17. Comparative analysis of Lipid peroxidation assay of extracts of aerial and 
root part extracts of A. benthamii w. r. t. Control measured by TBARS 
method at higher concentrations (300µg) are presented as % inhibition rate 
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  Plate I. Phytochemical screening tests of extracts of Arnebia benthamii L. 
A =Tests for Alkaloids; B= Tests for Phenols  
C= Tests forterpenoids; D= Tests for Flavonoids 
A 
D C 
B 
  
Plate II. Antibacterial activity of aerial part extracts of Arnebia 
benthamii L. against 
 
A =Shigella flexnerii; B= Psuedomonas aeruoginosa 
C=Klebsella pneumonia; D= Escherchia coli 
A 
B 
C D 
  
Plate III. Antibacterial activity of root extracts of Arnebia benthamii L. against 
A =Salmonella typhimurium; B= Shigella flexnerii 
C= Staphylococcus aureus; D= Escherchia coli 
A B 
C D 
  
Plate IV: Antifungal activity of aerial part extracts of Arnebia benthamii L. 
against 
A = Acremonium spp; B= Aspergillus flavus 
C= Candida parapsilosis; D= Candida kruesie 
A 
C 
D 
B 
  
Plate V: Antifungal activity of root extracts of Arnebia benthamii L. against: 
A = Candida albicans; B= Acremonium spp 
C= Candida parapsilosis; D= Aspergillus versicolor 
 
C 
B A 
D 
  
 
Chapter: 5 
Discussion 
 
Discussions 2012 
 
76  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
roviding effective health care is a challenge under the best of economic 
circumstances in the world’s poorest countries where infectious diseases 
are rife and resources limited, This challenge can assume overwhelming 
proportions hence the resurgence in the use of herbal preparations to treat diseases. 
The growing threat and spread of antibiotic resistance by a wide range of common 
pathogens has led to increased investigations into traditional medicinal plants as 
alternatives. Antibiotic resistance is not selective in that antibiotic resistance with 
the same consequences may affect people living in urban and rural communities 
around the world. Antibiotics that once readily cured a wide range of infections 
are becoming less useful mainly due to the misuse of antibiotics and the 
development of antibiotic resistance (Nostro et al., 2000). Although new leads for 
effective antimicrobials are researched in the plant kingdom, education on the 
proper use of antimicrobial agents is needed. The development of antibiotic 
P 
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resistance was not anticipated with the development and widespread use of 
synthetic antibiotics. Therefore it may be wise not to follow the same path with the 
development of purified medicinal plant extracts used as antibiotics. Herbal 
remedies prepared from the whole plant are generally safe with fewer side effects 
if it is used in the proper therapeutic dosages (Hanrahan, 2001). The proper use of 
standardized herbal extracts and antibiotics that are currently still effective may 
help in eliminating infections without the development of antimicrobial resistance. 
The main aim of the study was to establish the scientific validity of the traditional 
uses of these plants for treating wound infections. The information regarding the 
presence or absence of antibacterial activity may enhance the use of efficacious 
indigenous plant remedies. The main aim of the present study was to determine the 
medicinal value of the A. benthamii an endangered medicinal plant of North 
western Himalaya by its preliminary phytochemical screening, its antimicrobial 
(antibacterial & antifungal) activity and antioxidant activity. In India, it is a 
traditional herb of Ayurvedic and Unani system of medicine used to treat diseases 
of tongue and throat, fevers and cardiac disorders and is having antiseptic, 
antibiotic and antifungal for healing wounds and applied as a poultice and quick 
healer on fire burns (Kaul, 1997; Siva, 2007). Although different parts of a plant 
may show varying antimicrobial activity (Essawi and Srour, 2000), aerial as well 
as root parts (AP and RP) were reported as the most frequently used plant parts for 
treating some common prevailing diseases in Himalayan area and so were selected 
for the present study. 
5.1. Phytochemical screening 
The aqueous (Aq) extracts of both the aerial part (AP) and root parts (RP) 
showed maximum yield with the former having highest of 5.6% yield followed by 
methanol extract of aerial part (4.1%). Recovery of antimicrobial and antioxidant 
compounds from plant materials is typically accomplished through different 
extraction techniques taking into account their chemistry and uneven distribution 
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in the plant matrix. For example, soluble phenolics are present in higher 
concentrations in the outer tissues (epidermal and sub-epidermal layers) of fruits 
and grains than in the inner tissues i.e. mesocarp and pulp (Antolovich et al., 
2000). Solvent extraction is the most frequently used technique for isolation of 
active compounds. However, the extract yields and resulting medicinal value of 
the plant materials are strongly dependent on the nature of extracting solvent, due 
to the presence of different active compounds of varied chemical characteristics 
and polarities that may or may not be soluble in a particular solvent. Polar solvents 
are frequently employed for the recovery of polyphenols from a plant matrix. The 
most suitable of these solvents are (hot or cold) aqueous mixtures containing 
ethanol, methanol, acetone, and ethyl acetate (Peschel et al., 2006). Methanol and 
ethanol have been extensively used to extract antioxidant compounds from various 
plants and plant based foods (fruits, vegetables etc.) such as plum, strawberry, 
sumac, rice bran, wheat grain and bran, mango seed kernel, citrus peel, and many 
other fruits. 
Qualitative phyto-chemical screening of crude extracts of A. benthamii 
revealed that alkaloids and flavanoids were present in pet ether (Pt), chloroform 
(C) and methanol (MeOH) of both AP and RP extracts. The Phenolic substances 
were absent in Aq. extracts while as saponins and tannins were absent in both the 
RP & AP extracts. Glycosides were present in Pt, C, EA, and Eth extracts of AP 
while as in RP it shows its presence in PE and C extracts only. Anthroquinones 
were absent in maximum of the plant extracts however showed its presence in PE 
and MeOH extracts. Our results are supported by Papageorgiou (1978) who 
reported the presence of number of secondary metabolites like naphthoquinones, 
alkannin, shikonin and their derivatives in boraginaceae family such as Arnebia, 
Alkanna, Onosma, Lithospermum and Echiumspecies. Accordingly previous study 
by Sidhuet al. (1999) have reported the naphthoquinone derivative, arnebin-1 (b, 
b-dimethyl acryl alkannin) significantly accelerated wound healing with or 
Discussions 2012 
 
79  
 
without hydrocortisone treatment. The antimicrobial compounds may be found as 
alkaloids, flavonoids, tannins, phenolic compounds, steroids, saponins and 
triterpenoids whose presence may be attributed to the medicinal properties of 
plants (Rabe and Van Stadin, 1997; Ramasamy, 2000; Santhi et al., 2006; Shah et 
al., 1981). The results of the current study are found to be directly correlated with 
the observations of earlier workers (Shariff et al., 2006; Castello et al., 2002). 
Many substances may be antimicrobial, but only a few of them will be potential 
therapeutic agents for the simple reason that mammalian cells are more sensitive 
to chemical inhibition than microbial cells (Sivakumar and Alagesaboopathi, 
2006). Phyto-constituents present in plants, namely, flavonoids, alkaloids, tannins 
and triterpenoids, have demonstrated exciting potentials for the expansion of the 
range of modern chemotherapies against a wide spectrum of microorganisms 
(Lutterodt et al., 1999; Marjorie, 1999). The phytochemical studies revealed that 
the roots contain a alkannin, a crystalline red solid from A. euchroma (Romanova 
et al., 1968; Fu et al., 1984; Sharma et al., 2009; Song et al., 2010), arnebin 
derivatives have also been isolated from  A. nobilis (Shuklaet al., 1973), β-
hydroxyisovalerate and alkannin from A. hispidissima (Khan et al., 1983; Singh et 
al., 2004) and shikonin production is well documented by hairy root cultures 
(Choudhary and Pal, 2010; Pal and Choudhary, 2010). The ethanolic extract of A. 
euchroma provided tormentic acid, 2, β-hydroxyursolic acid (Yang et al., 1992), 
α-sitosterol (Nigam and Mitra, 1964). Fresh flowers of A. hispidissima, yielded a 
flavonoid namely vitexin (Hamdard et al., 1988). Several pyrrolizidine alkaloids 
viz. echimidine, monocrotaline, supinine, heliotrine, 7, 9-tigloyl retronecine, 
rinderine and others have been isolated from Arnebia species by various 
researchers (Gamilaet al., 1987; Roeder and Rengel-Meyer, 1993; El-Dahmy and 
Ghani, 1995; Srivastav et al., 1999). 
The results obtained in the present study revealed that the level of total 
phenolic (TP) content in the plant extracts of both the AP and RP extracts were 
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considerable. On an average, the AP extracts showed higher levels of TP content 
than the RP extracts. Among the AP extracts, the highest TP content was found in 
methanol extract (200 µg GAE mg
–1
 DW) followed by Pt (145 µg GAE mg
–1
 DW) 
while as in RP extracts, the highest TP content was also found in MeOH extract 
i.e. 200 µg GAE mg
–1
 DW. As from the literature survey, the phenolic compounds 
are commonly found in the plant kingdom, and they have been reported to have 
multiple biological effects, including antioxidant activity (Ogunlana et al., 2008). 
Phenolic compounds are also effective hydrogen donors, which makes them good 
antioxidants (Gil et al., 2000). It is suggested that polyphenolic compounds have 
inhibitory effects on mutagenesis and carcinogenesis in humans that attributed to 
their antioxidant activity (Mendel, 1997). 
5.2. Antibacterial activity 
Plants are important source of potentially useful structures for the 
development of new chemotherapeutic agents. The first step towards this goal is 
the in vitro antibacterial activity assay (Kocaet al., 2010). Many reports are 
available on the antiviral, antibacterial, antifungal, anthelmintic, antimolluscal& 
anti-inflammatory properties of plants (Samy and Ignacimuthu, 2000; Palombo 
and Semple, 2001; Kumaraswamy et al., 2002; Stepanovicet al., 2003; Bylka et 
al., 2004; Behera and Misra, 2005; Govindarajan et al., 2006; Mahesh and Satish, 
2008). 
Plant based antimicrobial compounds have enormous therapeutical 
potential as they can serve the purpose without any side effects that are often 
associated with synthetic antimicrobials. The clinical isolates of multidrug 
resistance (MDR) were collected from Microbiology laboratory of SKIMS, Soura 
J&K. Each isolate was tested for susceptibility tests against solvent extracts of AP 
& RP of A. benthamii using the disc diffusion method and broth dilution assay. 
Different amounts of plant extract i.e. 250µg/ml for bacterial and 350µg/ml for 
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fungal strains was used respectively. The discs were laden with 100µl and 150 µl 
of extracts (dissolved in 10 % Aq. DMSO) and inhibitory activity was measured to 
the nearest mm with the help of ruler. Antibiotics were used as positive controls 
on each tested pathogenic strain while as 10 % Aq. DMSO was used as vehicular 
control and was found resistant in all strains. The use of DMSO increases 
absorption and penetration into tissues of dissolved drugs and other chemicals 
(Leake, 1967; Leonard, 1967; Siddiq and Majid, 1969). 
The result showed that the plant extracts exhibited significant antimicrobial 
activity. Comparative analysis reveals that the MeOH extract of AP were found to 
exhibit highest antibacterial activities against all tested bacterial strains except S. 
aureus which was found resistant. After MeOH extract, the highest IZD (25mm) 
was recorded for Pt against E. coli w.r.t. control used followed by P. aureginosa 
(IZD 20mm) against Pt extract. C extract showed significant inhibitory activity 
against all the tested bacterial strains. E. coli (22mm) was found to be more 
susceptible followed by K. pnuemonie (20 mm), and P. aureoginosa (17mm). The 
chloroform extract also showed inhibitory activity against S. aureus (10 mm) w. r. 
t. Gentamycin (23mm). The EA extract showed least inhibitory activity against 
Escherichia coli and no activity against S. typhimurium however the highest IZD 
(15mm) of EA extract was recorded for S. flexnerii and K. pnuemonie. All the 
strains except P. aureginosa were found resistant against both B and Eth extracts. 
The IZD (19 mm) and (12 mm) were recorded for Eth & B extract against 
P.aureginosa w.r.t. control used. The Aq. extract was completely ineffective 
against the tested bacterial strains as has been reported by Savitha and 
Rathnavijaya (2011) that methanol extract of Andrographis paniculata displayed 
maximum antibacterial activity against K. pneumonia than aqueous extracts. 
The RP extracts were separately tested for antibacterial activity against 
pathogenic strains and it was obvious from the results that RP extracts were less 
active than AP extracts. The roots of Arnebia species have many reported to 
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display various biological activities like antimicrobial, anti-inflammatory etc 
(Abdulameer and Al-Mussawi, 2010).Amongst the strains tested, S. aureus was 
found susceptible to C, EA and MeOH extracts only with an average IZD (10 mm) 
w.r.t. control and other RP extracts were ineffective against S. aureus showed no 
activity and our results are in line with the findings of Chien-Chang et al. (2000) 
who reported the stronger antimicrobial activity of derivatives shikonin and 
alkannin of A. euchroma against methicillin-resistant Staphylococcus aureus 
(MRSA) and vancomycin resistant enterococci (VRE). The S. flexneri was found 
susceptible to all the RP extracts with highest IZD was recorded for MeOH 
(20mm) followed by Eth (15 mm) extracts w.r.t. the control used i.e. Erythromicin 
(30 mm) used. K. pneumonia was found resistant towards C, B, Eth and Aq. 
extracts. However only Pt extract exhibited good inhibitory activity with IZD 
(15mm) compared to the control (Gentamycin 15mm). In line to our findings, 
Kocaet al. (2010) recently reported the extracts of A. densfilora root bark and 
Ecballium elaterium extracts are effective as much as the antibiotics amoxicillin 
and ofloxacin against some of the isolated strains of K. pneumoniae (K2, K3, K5, 
K&and K10) at the concentration of 32 ug/mL and earlier the crude extracts 
prepared from coloured roots of Alkanna tinctoria, Lithospermum erythrorhizon 
and A. nobilis have also antibacterial activity (Papageorgiou et al., 1999). K. 
pneumonia is a gram-negative rod that causes bacterial pneumonia (about 3%) and 
nosocomial infections. Multi-drug resistance is highly common in K. pneumonia 
and is under the control of transmissible plasmids. Hence, increasing resistance 
against antimicrobial agents is a major concern of medical microbiology in recent 
years (Romero, 2007). The RP extracts were found least effective towards P. 
aueroginosa and among all the extracts, only MeOH and C extracts with avg. IZD 
(12 mm) showed inhibitory activity w.r.t. the control used. Among all the strains, 
E. coli was highly susceptible towards the root extracts but maximum IZD (25 
mm) was recorded for MeOH extract followed by C extract (21 mm) and EA (16 
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mm) and rest of the extracts didn’t exhibit any inhibitory activity however Lagnika 
et al. (2011) reported the root extract of Nauclealati folia was found to inhibit the 
growth of S. aureus and P. aeruginosa in their study. Most of the RP extracts 
exhibit highest antibacterial activity against S. typhimurium compared to AP 
extracts. The highest inhibitory activity IZD (17mm) was shown by EA followed 
by MeOH (12 mm) and C (12mm) extracts compared to the Streptomycin (29 
mm). Menghani et al. (2011) has recently reported the antimicrobial activity of 
Ratanjot against tested bacterial and fungal strains with the highest IZD (10 mm) 
against S. aureus followed by C. albicans (9mm). It was clear from the 
observations the anthroquinones compounds like shikonin is present in the plant 
extracts which has been documented to have many biological activities and are 
likely to have an influence on biological membranes (Ding, et al., 2005; Hazra et 
al., 2002; Farnsworth and Cordell, 1976). The results showed that the shikonin 
exhibits high activity against many bacterial species. This is in agreement with 
previous studies (Abdulameer and Al-Mussawi, 2010; Singh et al., 2003). The 
activity of naphthoquinones like compounds increases with increasing lipophilicity 
of alkoxy group (Bullock, 1967). The higher antibacterial activities of shikonin 
might be due to the three hydroxy groups, which give the compound more activity 
(Farnsworth and Cordell, 1976). The shikonin may play an important role in 
antibacterial activity via the inhibition of protein synthesis (Simons et al., 2000). 
Moreover, the ring compounds acts as a protoplasm toxin to destroy the cell wall 
system and to precipitate protein in cells (Gayon, 1972). On the other hand, the 
hydroxyl group was supposed to have essential role in the antibacterial activity to 
assume another role to increase the activity (Bae et al., 1991). 
A possible reason for antimicrobial activity could be the effect of bioactive 
compounds found in A. benthamii. There are some studies which reported the 
bioactive compounds in A. benthamii which are possibly responsible for the 
antibacterial activity. Shikonin derivatives present in Arnebia spp. have been 
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reported to be active against some soil Gram-negative bacteria (Brigham et al., 
1999). Pharmacologically and biologically the Arnebia spp. has antibacterial (Jain 
et al., 1999; El Sayed, 2010; Singh and Sharma 2012) antitumor (Sankawa et al., 
1977; Mao et al., 2008; Xiong et al., 2009; Deng et al., 2010), anti-inflammatory 
(Tanaka et al., 1986; Kaith and Kaur, 1996), antifungal (Gao, 1986), antiviral-HIV 
(Kashiwada et al., 1995) and prostaglandin inhibitory activity (Yao et al., 1983, 
1991a, b). However, our results indicated that plant extracts were more susceptible 
towards the gram negative bacteria unlike Ahmad et al., 1999 and Cos et al., 2002 
who reported that the plant extracts and high molecular weight tannins are, in 
general, more inhibitory toward Gram-positive bacteria than Gram-negative 
bacteria. This may be attributed to the fact that tannins and saponins were absent 
in plant extracts of A. benthamii. 
5.3. Antifungal activity 
All the fungal strains except C. parapsilosis were more or less inhibited by 
both AP & RP extracts of the plant. However, the Aq. extract of both RP & AP did 
not show any antifungal activity. Among the fungal strains tested, A.flavus  was 
found highly susceptible to B extract of AP with IZD (25mm) followed by EA 
extract (22 mm) and C extract (14 mm) compared to the control (Nystatin 35mm) 
used. The MeOH extract of AP showed highest inhibitory activity against A. 
versicolor with IZD (22 mm) and Acremonium spp (25 mm). The C and EA 
extract also to some extent exhibited inhibitory activity against A. flavus and 
Acremonium spp. The PT, EA and C extracts of AP didn’t exhibit any inhibitory 
activity against Candida spp. Only MeOH extract followed by Eth and B extract 
exhibited antifungal activity against Candida sps. Among the Candida spp., the 
highest IZD (14 mm) of MeOH extract was reported against C. albicans and C. 
parapsalosis was found completely resistant against the all AP extracts.This fact 
could be attributed to the naturally resistance of this species to many antibiotics 
due to the permeability barrier afforded by its outer membranes (Apak and Olila, 
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2006). Also the Erturk (2006) has reported that the extracts of Laurus nobilis, 
Dianthus coryophyllum, Juniperus oxycedrus and Crassulaar borescens showed 
higher inhibitory activity against the yeast C. albicans and the fungus A. niger 
than the standard antifungal nystatin.The Eth and Aq. extracts of RP didn’t exhibit 
any inhibitory activity against the tested fungal strains. Surprisingly the EA extract 
showed highest IZD (33mm) against C. albicans followed by Acremonium spp. 
(18mm).The MeOH extract RP showed to some extent good inhibitory activity 
with an average IZD (12 mm) against A. versicolor, C. albicans and C. kruesie 
w.r.t. control used. Pt extract of RP extract also showed more or less some 
antifungal activity against some fungal strains i.e. Acremonium spp. (14mm) and 
C. albicans (10 mm), similarly C extract of RP exhibited antifungal activity 
against C. albicans with IZD (11 mm) and B extract showed inhibitory activity 
against C. kruesie (11mm). Earlier Rathi et al. (2010) has reported antifungal 
activity of petroleum ether extract and methanol extracts of Embelia ribes having 
low MIC50 values against the Candida species than the other species. Also the 
hydro-alcoholic extract of Andrographis paniculata possessed potent antifungal 
activity against A. niger and C. albicans showing diameter of zone of inhibition 
viz. 20 mm (Mathur et al., 2011). The possible antifungal activity of the roots of 
Arnebia spp. has been attributed due to the presence of a red pigment, Shikonin (a 
dye), which has several medicinal properties and is marketed under the trade name 
Ratanjot (Kirtikar and Basu, 1984; Manjkhola and Dhar, 2002). 
5.4. MIC and MBC determination 
The antibacterial screening served as an indication of the selection of 
bacterial strains that displayed antibacterial activity for further testing to determine 
the MIC and MBC of plant extracts. The MIC value was defined as the lowest 
concentration that completely inhibited the growth and was determined by visual 
observation. As the same concept, the MBC value was defined as the lowest 
concentration at which 99.9% of the test organisms were killed and no growth was 
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observed after incubating (Hammer et al., 1999; Delaquis et al., 2002).The values 
of the MIC are those obtained after 24 hours incubation at 37°C, MBC rating were 
determined by streaking out a sample on MHA and incubation for further 24 hours 
at 37°C. Four bacterial strains S. flexnerii, K. pneumonia, E. coli and P. 
aeruginosa were found viable for testing with the specific plant extracts. The MIC 
and MBC was determined through broth dilution method against the specific 
bacterial strains. Erythromycin was used as positive control in all experiments and 
its value was found low in each strains tested as compared with plant extracts 
tested while as 10 % Aq. DMSO was taken as negative control and was found 
ineffective against all the strains tested.As for as MIC is concerned, MeOH 
extracts of AP and RP inhibits all the strains at low concentrations than the any 
other extract. S. flexnerii was inhibited by the low concentration of MeOH extract 
of AP with MIC and MBC value of 200µg/ml and 300µg/ml respectively followed 
by C extract of AP, with MIC/MBC value of 300/500 µg/ml respectively. The 
majority of the RP extracts did not exhibit any inhibitory activity except the Eth 
extract showing MIC 400 µg/ml and MBC 750µg/ml.In line to our study where 
MICs of most of the extracts were the same with the standard antibiotics, Koca et 
al., 2010 and Singh et al., 2003 has reported the activity of ethanolic extract of A. 
densiflora was same as the control standard antibiotics (gentamicin, tetracycline 
and streptomycin; 10 ug/disc) and the rest of the extracts (petroleum ether, 
chloroform and hexane) demonstrated MICs ranges between 100 to 200 ug/disc 
against K. Pneumonia. Therefore the activity of the extracts that were used against 
K. pneumonia might be considered as noteworthy.Almost all plants of Arnebia 
spp. used in the traditional medicine exhibit moderate antimicrobial activities 
when tested individually as reported earlier (Abdulameer and Al-Mussawi, 2010; 
Koca et al., 2010) except A. benthamii. Little is known regarding antimicrobial 
activities of A. benthamii. However present study confirms its antimicrobial 
(bacteriostatic) potential. Most of the crude extracts an exhibit bactericidal activity 
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than bacteriostatic (Gnanamani et al., 2003, Kharea et al., 2005) which simply 
highlights the effectiveness of traditional medicine. It is worthy to note that MIC 
and MBC values of assayed plant extracts are comparatively higher as compared 
to reported for other species. Organic fractions were found highly active than 
aqueous extracts, and this proves the fact that majority of active constituents are 
soluble in organic solvents (Amin and Khan, 2011). In our study, spectrum of 
activity of plant extracts tested was limited to gram negative strains than gram 
positive strains (Eloff, 1998). Many substances may be antimicrobial, but only a 
few of them will be potential therapeutic agents for the simple reason that 
mammalian cells are more sensitive to chemical inhibition than microbial cells 
(Sivakumar and Alagesaboopathi, 2006). As per the studies by Cowan (1999), the 
useful antimicrobial phytochemicals generally function through various 
mechanisms. Phenolics and polyphenols present in the plant extracts are 
responsible for phenolic toxicity to microorganism and include enzyme inhibition 
by the oxidized compounds possibly through reaction with sulfhydryl groups or 
through more nonspecific interactions with the proteins. Similarly the quinones the 
probable targets in microbial cells are surfaced exposed adhesions, cell wall 
polypeptides and membrane bound enzymes. The activity of flavonoids found in 
plants as their glycosides is due to their ability to complex with extracellular and 
soluble proteins and to complex with bacterial cell walls. The more lipophilic 
flavonoids may also disrupt microbial membrane and the alkaloids have their 
ability to interact with DNA of microbial cells. 
The processing of the plant extracts performed in this study is not 
comparable to the traditional approach when the plant practitioners and sellers use 
hot water for extraction whereas we have obtained higher and comparable better 
antimicrobial activity using organic solvents like methanol and pet ether. In this 
sense, it is not an exact replication of the traditional knowledge. 
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5.5. Antioxidant activity 
To obtain information about the mechanisms of the anti-oxidative effects of 
the extracts, four in-vitro tests, the DPPH radical scavenging action, riboflavin 
photo-oxidation method, hydroxyl scavenging and the lipid peroxidation assay 
were used to assess the antioxidant properties of plant extracts of A. benthamii. 
Together all the methods provide a better assessment of antioxidant properties and 
results revealed that inhibitory activity was concentration dependent. The 
concentration range of 50-300 μg/ml of plant extracts as well as for control 
(Ascorbic acid and BHT) was used in all antioxidant methods. Besides 10 % Aq. 
DMSO was used as negative control in all experiments. 
Free radical scavenging potential of AP and RP extracts at different 
concentrations was tested by the DPPH method. Antioxidant reacts with DPPH, 
which is a stable free radical, and converts it to 1, 1-diphenyl-2- picrylhydrazine. 
The degree of discoloration indicates the scavenging potentials of the antioxidant 
extracts. When the DPPH radical scavenger (extracts) is added to the solution, 
because of its single-electron pair leaving its absorption disappears, fading and its 
acceptance into quantitative relationship between the number of electrons, which 
can be used for quantitative colorimetric analysis, evaluation of the antioxidant 
capacity of samples (Ting et al., 2008). The highest scavenging of 94% activity 
was observed for MeOH extract of RP followed by C and B extracts showing 
about 70 % inhibitory activity compared to the reference i.e. Ascorbic acid. 
During the literature survey, several reports were identified on the antioxidant 
activity of shikonin or shikonin-containing plants. For instance, free radical 
scavenging activity of methanol and water extracts of the A. densiflora roots had a 
moderate DPPH radical scavenging effect at 2000 μg mL-1, as compared to the 
reference, butylated hydroxyanisole (Orhan et al., 2008). Shikonin had a strong, 
non-reductive, scavenging effect towards 1, 1-diphenyl-2- picrylhydrazyl radical 
measured by electron spin resonance (ESR) spectrometry (Nishizawa et al., 2005). 
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The antioxidant activity of 3 compounds, β, β-dimethyl-acrylshikonin, 
acetylshikonin and shikonin, isolated from Lithospermum erythrorhizon was 
measured by the oxidative stability instrument (OSI) in lard, and it was concluded 
that these compounds had an antioxidant effect (Weng et al., 2000). Similarly, 
antioxidant effects of alkannin and shikonin isolated from Alkanna tinctoria (L.) 
Tausch roots in oily substrates were also reported; the antioxidant activity of 
alkannin was low in corn oil, whereas shikonin, combined with citric acid, 
exhibited a moderate antioxidant activity in sunflower oil (Assimopoulou et al., 
2004). 
The above findings clearly show that root part extracts are good prospects 
for antioxidant substances supported from the literature where it has been 
mentioned about the presence of antioxidant substances like shikonin derived from 
roots of the Arnebia species. 
The superoxide radicals were generated by illuminating a solution 
containing riboflavin. The BT extract  showed considerable 91% scavenging 
activity followed by MeoH and Aq. extracts exerting about 88% and 79% 
inhibition respectively w.r.t. reference(ascorbic acid) of 94% activity at higher 
concentration of 300 µg/ml. However unlike our findings Saenjum et al., (2010) 
reported that ethanolic extract of Caesalpinia sappan heartwood showed good 
scavenging effects on superoxide radicals compared to L-ascorbic acid. These 
results revealed that the C. sappan extract was an efficient scavenger of 
superoxide anion radical. The flavonoids and phenolic substances present in the A. 
benthamii extracts may be responsible for scavenging or chelating process 
(Kessler et al., 2003; Cook and Samman, 1996; Sawa et al., 1999). 
Hydroxyl radical is an extremely reactive species formed in biological 
systems. It is capable of damaging almost every molecule found in living cells 
(Hochestein and Atallah, 1988). This radical has the capacity to join nucleotides in 
DNA and cause strand breakage, which contributes to carcinogenesis, mutagenesis 
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and cytotoxicity. The OH is also considered to be one of the quick initiators of the 
lipid per-oxidation process, abstracting hydrogen atoms from unsaturated fatty 
acids (Kappus, 1991). The OH is known to cause DNA damage by degradation of 
deoxyribose moiety. Among the AP extracts, MeOH extract showed highest 
protecting effect of 85% followed by EA extract of 80% inhibition w.r.t. the 
natural antioxidant i.e. BHT exhibiting  94% inhibitory activity at the 
concentration of 300 µg/ml. However, RP extracts exhibited comparatively 
significant inhibitory activity and again MeOH extract followed by EA extract 
showed 86 % and 83% inhibition respectively. Antioxidants play an important role 
in protection of human diseases where oxygen free-radical production is 
particularly implicated. Extracts from medicinal plants are reported for DNA 
protection and their protective nature protecting DNA from various ROS mediated 
damages and may be useful in the treat may is attributed to the presence of 
antioxidant components (Attaguile et al., 2000). The protective effect of plant 
extracts on DNA damage induced by OH radicals may be attributed to the 
presence of phenolic compounds and our results are in comply with the findings of 
Saenjum et al. (2010) who reported  for protective effect of Caesalpinia sappan 
extracts on DNA damage-induced by hydroxyl radical at the same concentration 
of EGCG.  
Ferrous iron can initiate lipid peroxidation by the Fenton reaction as well as 
accelerating peroxidation by decomposing lipid hydroperoxides into peroxyl and 
alkoxyl radicals (Christopher et al., 1995). The inhibition of FeSO4 induced lipid 
peroxidation was high in presence of positive control (ascorbic acid 95.78±1.0%) 
compared to the plant extracts of A. benthamii. The EA and MeOH extracts of AP 
showed considerable inhibitory activity of 95% and 75% respectively and among 
the RP extracts, EA followed by Eth extract showed 87% and 78% inhibition 
respectively compared to the ascorbic acid used as reference. The alkannin and 
shikonin obtained from Arnebia species have been earlier reported to inhibit lipid 
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peroxidation in vitro (Kourounakis et al., 2002) similarly MeOH and Aq. extracts 
of Bergenia ciliate rhizome were found to possess antioxidant activity including 
reducing power, free radical scavenging activity and lipid per-oxidation inhibition 
potential. 
Our study showed that the plant extracts form a strong hydroxyl radical, 
scavenging DPPH and superoxide anion and inhibition of yolk lipid peroxidation 
in a dose-dependent manner and its possible mechanism is as follows: the 
alkaloids and phenolic substances present in plant extracts can capture lipid 
peroxidation chain reactions triggered by reactive oxygen species, reduce the lipid 
peroxidation chain length, block or slow down the lipid peroxidation (Huang et 
al., 2006) The A. benthamii extracts seems to have good potential as a source for 
natural antioxidants. In addition, the ability to scavenge the DPPH radical is 
related to the inhibition of lipid peroxidation (Ratty et al., 1988; Rekka et al., 
1991). 
From the present results it is clear that MeOH extracts displayed greater 
potential in all antioxidant assays as was reported by Rajkumar et al.(2010). Anti-
oxidant effect of secondary metabolites like alkaloids and flavonoids present in the 
extracts of A. benthamii on lipid peroxidation is the result of scavenging of 
hydroxyl radicals at the stage of initiation and termination of peroxyl radicals as 
has been supported by Hussain et al. (1987). From the present study, it was found 
that the percent inhibition of lipid per-oxidation by both AP and RP extracts 
remained constant after a certain concentration which may be due to the 
degradation or per-oxidation of the source. 
The results obtained in all antioxidant assays showed statistically 
significant difference between the MeOH and EA extracts. Total phenolic content 
of the extracts showed significant and strong positive correlation with free radical 
(DPPH and OH
.
) scavenging efficiency. However it is pertinent to mention here 
that besides the polyphenols some other substances that are present in crude 
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extracts of A. benthami may be responsible for exhibiting moderate antioxidant 
activities. Our study is also supported by Chang et al. (2000) and Cui-fang et al. 
(2010) whom reported the antioxidant activities of A. euchroma are closely related 
to the total content of polyphenols, flavonoids and flavonols. Therefore, further 
studies are required to elucidate the chemical structures of the substances present 
in these extracts. 
The results of this investigation, which determined the radical scavenging 
and antioxidant activity of different extracts of A. benthami, demonstrate that these 
might be proposed as a dietary supplements or traditional drug for the prevention 
and/or treatment of conditions that occur due to oxidative damage and can protect 
DNA damage by hydroxyl radical. Detailed work needs to be undertaken to 
investigate the purified compounds of this extract with the potent antioxidant 
activity and antimicrobial potential. 
 
  
 
Chapter: 6 
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  From the results of our study the following points were concluded: 
 The highest prevalence of secondary metabolites was found in methanol, ethyl 
acetate, chloroform and pet-ether extracts of all the parts studied. 
 Saponins and Tannins were absent from all the plant extracts while as 
phenolic compounds were absent in aqueous extracts. 
 The methanol extracts of both the aerial and root parts contains highest 
amount of phenolic substances. 
 From the results of antimicrobial study of plant extracts it clearly depict that 
the plant posses significant antimicrobial (antibacterial and antifungal) 
activity. 
 The methanol extract of both parts showed significant activity. The highest 
IZD (30±0.54) was recorded equally for P. aureginosa and E. coli with 
reference to Gentamycin (16 and 21mm). S. typhimurium was also found 
susceptible towards the methanol extract with IZD of28.0±0.93mm 
 The P. aureoginosa was found most susceptible towards the aerial part 
extracts with MIC value ranged from 75 µg/ml-425 µg/ml and MBC value 
ranged from 100-750 µg/ml compared to the RP extracts which were found 
resistant followed by S. flexnerii.  
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 The methanol followed by ethyl acetate extracts of both parts showed 
significant antifungal activity. The highest IZD (33±0.43) was recorded for 
ethyl acetate extract of RP against C. albicans and methanol extract of AP 
against Acremonium spp. The C. parapsilosis was found resistant towards all 
the plant extracts. 
 The plant extracts were found to have significant antioxidant properties 
especially radical scavenging activity w.r.t. natural antioxidants. The highest 
scavenging was observed for MeOH RP extract (92% inhibition) followed by 
MeOH AP extract (86% inhibition).  
 The highest scavenging activity as measured by SOD method was observed 
for butanol RP extract (91% inhibition) followed by butanol AP extract (86% 
inhibition). The ethanol extracts of both parts were also found to be 
unproductive. 
 As for as the protective effect of deoxyribose was concerned, the highest 
inhibition of radicals was observed for MeOH RP and AP extract (~85% 
inhibition). The ethanol extracts of both parts were found to be ineffective. 
 The inhibition of FeSO4 induced lipid peroxidation was high in presence of 
positive control (ascorbic acid 95.78±1.0%) compared to the plant extracts of 
A. benthamii. The EA extracts of AP showed considerable inhibitory activity 
of 95 % followed by EA (87%) of RP extracts. 
 The  Substances  that  can  inhibit  pathogens  and  have a  little toxicity  to  
host cells are considered good for developing antimicrobial drugs. Therefore, 
A. benthamii if properly extracted can be used for preparation of various new 
drugs to cure various epidemiological diseases. Also the antioxidant activity 
results of the plant roots reveals that it seems to be good prospect for 
developing antioxidant substances and is now expected that screening of this 
plant for antimicrobial/antioxidant activity will be helpful in obtaining broad 
spectrum herbal formulation as well as new antimicrobial and antioxidant 
substances. 
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Appendix I:  
Preparation of Medium 
Nutrient agar medium: Dissolve 37.0 gm in 1000 ml distilled water. Heat to 
boiling to dissolve the medium completely. Sterilize by autoclaving at 15lbs 
pressure (121
0
C) for 15 min or at 10 lbs pressure (115 
0
C) hours for 30 minutes. 
Nutrient Broth: Suspend 8.0 gm in 1000 ml of distilled water. Heat it to dissolve 
the medium completely. Sterilize by autoclaving at 15lbs pressure (121
0
C) for 15 
min.  
Muller Hinton agar: Dissolve 38.0 gm in 1000 ml distilled water. Heat to boiling 
to dissolve the medium completely. Sterilize by autoclaving at 15lbs pressure 
(121
0
c) for 15 min Mix well before pouring. 
Muller Hinton Broth: Suspend 21g of the powder in 1000 ml of distilled water 
Heat to dissolve medium completely Sterilize by autoclaving at 15lbs pressure 
(121
0
c) for 15 min and dispense into plates. 
Blood agar:  Suspend 40 g of the blood agar base in 1000 ml of distilled water. 
Heat to dissolve medium completely. Sterilize by autoclaving at 15lbs 
pressure(121
0
c) for 15 min, cool to 50 
0
c and aseptically add 5 % v/v sterile 
defibrinated blood. Mix well and pour into sterile plates. 
Appendix II: 
Preparation of Discs 
Dissolve 200 mg of the concentrated extract in 25 ml of the relevant solvent. The 
disc is prepared by adding the extract to it with the help of micropipette and kept 
for drying at the time of use.  
 
